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EXECUTIVE SUMMARY

A. OBJECTIVE

The objective of this effort was to develop a portable fire deteciion and notification
system that could be placed aboard parked, unattended large cargo aircraft. The system,
referred to as the Aircraft Fire Sentry (AFS), should be light, efficient and easily
deployable. Included in the development were phases defining the threats,
detection/notification solutions using current commercial hardware, assembly, testing and
evaluation of the concepts.

B. BACKCROUND

The system was conceived as a means of protecting national assets, in terms of
large-frame cargo aircraft, from damage or catastrophic loss due to fire. Many of today's
tanker and cargo aircraft are no longer in production. It is necessary to protect these
assets while they still have a useful life. Actual loss of these large aircraft remains low;
however, the threat of loss due to fire is always present. All of these aircraft have on-
board fire detection and suppression systems to some degree integral with their airframes
or powerplants. However, they are only functional when the aircraft is running. The AFS
fills the need for fire detection and notification while the aircraft is unattended.

C. SCOPE =
The AFS research and development program consisted of five major tasks:

Task 1 — Feasibility Analysis and Conception Design. This effort included surveys
to determine fire protection requirements, literature searches of available technologies that
could be adapted for AFS purposes, and the development of conceptual designs that
would lead to one or more breadboard systems which could be tested. Cost effectiveness
with respect to purchase, installation, operation and maintenance was considered for each
configuration.

Task 2 — System Design and Component Testing. As a result of Task 1, the most
desirable AFS configuration was assembled and tested. Results and analyses were
reported and recommendations made for a prototype design.

Task 3 - Prototype Construction, Development, Test and Evaluation. Following a
final design review, a prototype AFS was assembled, tested and evaluated.

Task 4 - Technical Report. This report, a summary of all work completed.

Task 5 - Draft Performance Description. A draft performance description was
prepared describing performance standards for each component of the AFS.




This final technical report is comprised of two volumes. Volume 1 summanzes the
entire project. Volume 2 includes the detailed design and testing reports for Tasks 1, 2
and 3, and the Draft Performance Description.

D. METHODOLOGY

Evaluation methodology used to determine preliminary and final designs of the AFS
were based on system performance, size, ease of deployment, availability of components
and cost. Each of these factors were weighted approximately the same.

Three original concepts were developed after Task 1. Based on the above criteria
and two formal design review meetings, the AFS evclved into the prototype unit.
Representatives from the Air Force, Applied Research Associate., 'nc. and the fire
detection/notification industry were in attendance at these design reviews. AFS system
requirements were met by open discussion and design of the most responsive, efficiently-
sized assembly.

Two actual working models were built and tested — a small scale "breadboard"
design and a "prototype". Based on results from the test on the small scale AFS,
improvements were incorporated into the prototype. A final evaluation was made after the
prctoiype test series.

E. TEST DESCRIPTION

Objective test series were conducted on both the small scale and prototype
models. These tests included system response times, smoke obscuration and
temperature monitoring duning live fires, radio frequency quality and distance testing and
proper hardware operation. Tests were conducted at Fairchild AFB and at ARA's remote
test site (live fires) and laboratory.

F. RESULTS

A working prototype model AFS was provided for Task 3. The result is an
assembly that is 14 inches square by 20 inches high, and weight 39 pounds. It is fitted
with a single ultraviolet (UV) flame sensor, two wireless remote photoelectric smoke
detectors and a manual pull station for initiating alarms. The prototype is self-powered by
a 12 VDC battery, and must be fully charged (by AC) pnior to deployment. This model
meets the requirements of simultaneous fire/smoke stimulus sensing and will report such
conditions to the nearest fire department via radio frequency link.




it was documented that this configuration will transmit 1.1 miles while deployed
inside an actual aircraft. System response times ranged from instantaneous (flame
recognition by UV sensor) to 237 seconds (smoke density increasing at photoelectric
detector).

The AFS can be carried by one person and deployed in under 5 minutes. Setup
involves bringing it onboard, placing it mid-bay, locating the wireless remote smoke
detectors, connecting the system antennas (2) and placing the hard-wired siren/strobe unit
outside :he aircraft. Once powered on, the AFS will continuously sense for fire conditions
until its internal battery power is depleted (36 - 60 hours, depending on conditions and
battery size).

G. CONCLUSIONS

The AFS has been demonstrated as a viable, effective means of detecting fires
aboard unattended cargo aircraft.

Because of its portable design and ease of deployment, it can also be used in other
situations. For example, anywhere a temporary system might be needed, whether it be
aircraft, building or tent. The distance between the AFS and the fire department is critical.
The proper antenna and/or repeated station(s) must be selected as the situation requires.

H. RECOMMENDATIONS

The AFS system could be produced and used as is. However, the system could
benefit from further development in terms of incorporating the latest fire detection
hardware and trimming of its overall size and weight. It is also recommended that for any
production models, all three types of detection sensors (smoke, heat and flame) be
integrated into the system.
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PREFACE
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1.0. INTRODUCTION

The following document describes the results of Task 1, "Feasibility Analysis and
Conceptual Design" in accordance with the Statement of Work (SOW) for the Scientific
and Engineering Technical Assistance (SETA) Contract Number F08635-88-C-0057,
Supplemental Support Group Subtask (SSG) 3.14.1, Aircraft Fire Seritry, paragraph
6.1. This report constitutes the completion of Task 1 and CDRL Item A024.

1.1 Objective

The objective of this project is to develop a portable automatic fire detection and
suppression system to protect the cargo bay area of large frame aircraft while they are
parked at remote sites on an air base. The system is nct designed to replace or
diminish the role of the fire department in the fire protection of aircraft. Rather, the
system increases the fire department's aircraft fire protection capability by providing
early fire detection and notification, and by preventing a fire's propagation within the
cargo bay until the fire department can arrive to complete extinguishment.

1.2 Background

Since 1979, over 30 fires have occurred on large frame aircraft (C5, C141, C130,
and KC-10) while they were parked on the ground at an Air Force base, causing over
92 million dollars in damage to Air Force property, one death, and several serious
injuries (see paragraph 3.2). In many cases the fires went undetected for extended
periods of time, or when the fire was detected, the nzarby personnel had no means of
reporting the fire to the fire department. On most air bases, the reporting of remote
fires can only be performed by visual confirmation by personnel using two way voice
radios. The long delays between the detection of the fire and the arrival of the fire
department Ieft near-by personnel to battle the fire with only hand held and flight line
extinguishers resulting in catastrophic loss of the aircraft.

The need for better protection of aircraft against fire threats during war and peace
time operations has been a serious concemn for many years. In 1984 a basis of need
was established by the "Systems Operational Requirements Document,” SORD 201-
84-1. The document states that there is a significant fire threat for aircraft in the event of
an attack on an air base and during post attack recovery. Parked aircraft would be
extrenely vulnerable to fragment damage and the resulting fire threat. Existing fire
departments would not have sufficient resources to adequately protect against and
battle all fire threats. In response, a research program was initiated to develop an
automatic fire sentry system to help fire fighters guard against these threats.

In almost all of the reported fires, a fire sentry system on board the aircraft could
have helped minimize the damage to the aircraft and possibly prevented the one
reported death. As presented in Section 3.5, the fire sentry system being developed by




this program enhances a fire department's ability to protect aircraft by providing
automatic detection and suppression of fires inside the cargo bay (preventing the
propagation of the fire throughout the aircraft), automatic contacting of the fire
department, and an additional extinguisher for personnel to use in combating fires.

Along with the serious damages fires have caused, there have been several
serious potential fires which caused no reported doliar amount damage to aircraft.
These fires were detected not by flame or smoke, but by the residue they left after they
self extinguished. Most of these fires occurred inside the fuel tanks and were caused
by a static. discharge from baffles inside the tanks. Although these fires did not cause
any appreciable damage, the possibilities for an explosion or senous fire are great. By
providing a means for quickly contacting the fire department and an additional readily
available extinguishment source, a fire sentry system could mean the difference
between catastrophic loss of an aircraft and a minor mishap.

1.3 Scope

The scope of the Task 1 effort consisted of soliciting product information from
vendors of fire detection and suppression equinment for analysis and conceptual
design cniteria, viewing large iframe aircraft which the final system is targeted to protect,
and visiting with Air Fores fire departments to get their inputs on the system's design.
Additional information was obtained from previous reports covering past research
performed on the topic of fire protection systems, and from the Environmental
Protection Agency (=PA) conceming the impact of fire fighting agents on the
environment. Finally, the Boeing Aircraft Company's 737 and 757 assembly plant was
visited to observe the ‘ire sentry system used to protect aircraft during final assembly.

The primary focus of this program is to develop a system which will be widely
accepted for use. In the past the major focus of fire sentry system research has been
on the detection and suppression of fires. These studies show the effectiveness of
detectors to recognize fires and suppression systems to put fires out. This program
uses the information gained from past research programs to develop a system which
meets all the necessary fire extinguishment and false alarm immunity requirements as
well as the human interfacing requirements.




2.0. GENERAL INFORMATION

2.1 Firefighting Agents

Historically it is believed that three distinct elements, known as the fire tnangle, are
required {0 sustain a fire's combustion: heat, fuel, and oxygen. Extinguishment is
performed by removing any one of the three elements from a fire. Carbon Dioxide and
dry chemical fire extinguishers limit the oxygen to a fire smothenng it. Water quenches
a fire by absorbing its heat and cooling the buming fuel. A fire can also be put out by
removing the source of fuel (shutting off a gas line) or simply allowing all of its available
fuel to be consumed.

During the early part of this century, a family of chemicals known as halons were
developed and found to be very effective in putting out fires. However, halons do not
put out fires in the traditional sense by removing one of the eleinents of the fire tnangle.
Rather, halons extinguish fires by breaking up its uninhibited chemical reaction of
combustion.

Halons are a class of hydrocarbons in which one or more hydrogen atoms of a
methane molecule (CH4) have been replaced by either a bromine, chlorine, fluorine, or
iodine atom, known as halogens. Halon firefighting agents are identified by atoms
which make up their chemical composition. The numbers in the name of the halon
agent in order represent the number of carbon, fluorine, chlonne, bromine, and iodine
atoms present in each molecule, respectively (trailing zeros are not listed). As an
example, Halon 1211 is composed of 1 carbon, 2 fluorine, 1 chlorine, and 1 bromine
atom. Other commonly used halon firefighting agents include Halon 1301, and Halon
2401.

It is not clearly understood exactly how halons actually extinguish fires. Several
different theories have been deveioped as to the chemical reaction which takes place
when halons are introduced to the flame zone. However, the process of how halons
put out fires is not important to this program. What is important is the different types of
halon agents which are available and their relative charactenstics with respect to other
firefighting agents.

2.1.1 Types of Agents

As part of the Task 1 study, an analysis of commonly used firefighting
agents were evaluated for possible application to this program. Each agent was
evaluated for its effectiveness at putting out aircraft cargo bay fires, availability (both
current and future), and cost. Six different types of agents were evaluated: water,
foams, dry chemicals, CO2, halons, and halon replacements. Each agent's
characteristics and applicabilty to this program are descrnibed in subsequent
paragraphs with a summary of all the agents shown in Tabie A-1.
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The first three agents listed, water, foams, and dry chemicals are not being
considered for use on this program. Due to the limited geometry (see paragraph 3.4)
which agents can be dispersed in a cargo bay (making them very ineffective in
suppressing cargo hay fires), the potential damage due to the dispersed agent to the
on board cargo and the aircraft, and the resulting clean-up costs make these agents
undesirable for use on this program.

The remaining agents CO2, halons, and halon replacement agents each
have both positive and negative characteristics which must be weighed before deciding
on which final agent to recommend for use on this program. Of the halons, only Halon
1301, Halon 1211, and Halon 2402 are being considered for use. Of the halon
replacement agents only FM-100 made by the Great Lakes Chemical corporation, and
FE-232 and FE-25 made by the DuPont corporation are currently being considered.

2.1.1.1 Carbon Dioxide

Carbon Dioxide (CO2) is a colorless, odorless, nonconductive

zi. It extinguishes fires by reducing the oxygen content in the air to a point where

combustion cannot be sustained. CO2 is stored as a liquid. When discharged it

produces a dry ice "snow" and a gas with an approximate density of 1.5 times that of

air. CO2 is approved for use in the suppression of Class A, B, and C fires Because of

its low cooling capacity, the use of CO2 to extinguish deep seated class A fires is
limited. Its primary use is for the extinguishment of class B and C fires.

The advantages of CO2 are that it is dry, it does not cause serious
damage when discharged, it leaves no residue (eliminating cleanup requirements), it
does not deteriorate over time, it is non-corrosive and non-conductive, it is relatively
inexpensive, it is readily available world wide, and it does not pose any harmful risk to
the environment. The disadvantages to CO2 are that it requires relatively higher
concentrations for fire extinguishment which in turn requires greater quantities of agent
and larger holding tanks to protect equivalent areas, it produc2s a lethal atmosphere at
the concentrations required to extinguish fires, and it produces a thick cloud making
egressing from a discharged area more difficult. If CO2 is used, an eJress waiting
period (usually between 30 and 60 seconds) must be performed between the detection
of a fire and the discharging of the CO2 to allow all occupants of the aircraft to escape.

The NFPA 12A guide recommends a minimum 34% concentration
(50% for deep seated fires) of CO2 for total flooding applications. The guide also
specifies that 0 050 LBs (0.100 LBs for deep seated fires) of CO2 are required for each
cubic foot of volume to attain this ¢ “ncentration assurming no leakage. Table A-1 lists
the amount of CO2 required to ¢+ nerate the desired concentration for a sealed
(assuming no leakage) 10,000 cubic fo ! container {comparable to a C141 aircraft).

2.1.1.2 Halons

Halons when discharged produce a colorless gas which provides
extinguishment of Class A, B, and C fires. Halon gases are dry, non-corrosive, and

1



nonconductive. The advantages of using halons are that they are very effecives by
weight at putting out fires, they do not deplete the oxygen content of the atmosphm ere,
they are mostly low or non-toxic at concentration levels required to put out fires, and
they do not generate a total vision obscuring cloud when discharged. The
disadvantages of using halons are that they are relatively expensive to recharge &fter
every use (the cost will increase dramatically as production is phased out acd an
additional tax is added to every pound sold), they are harmful to the environment,. by-
products o1 extinguishment are highly toxic, and they will no longer be availablefor se
after the year 2000.

The major differences between the three different Haions ueder
consideration are their chemical makeup. Fluorine atoms tend to increase the sta ®llity
of the halon while at the same time reduce its toxicity and boiling point. Chlorine and
bromine atoms have just the opposite effect by decreasing the halon's stabily and
increasing its toxicity and boiling point. However, it is the presence of the chlore and
bromine atoms which increase the halon's fire extinguishing effectiveness. Table A-2
gives a comparison of the different characteristics for the candidate halons, andFiegure
A-1 shows a comparison of extinguishment characteristics.

TABLE A-2. SELECT HALON CHARACTERISTICS

Approx. Specific Lehsal
Agent Boiling Gravity Conce=nt.

Halon Formula Type Temp (F) @70F PPV
1301 CFaBr Gas -72 1.57 >800.000
1211 CFoClBr Gas +25 1.83 ~300300
2402 CF4Bra Liquid +117 1.17 ~126300

Halon 1301 has the lowest toxicity levels and the highest v- apor
pressure levels. It is the best halon to use in total flooding applications, especa 3y irn
locations where personnel may be present during discharge. However, for Halon 1301
to be effective, the fire must be contained in an enclosed area. Halon 1301 appiead o
externd| fires tends to dissipate without penetrating the flame zone and therefores has
no effect in putting out the fire. Halon 2402 on the other hand as shown in Figue A-1,
is the best agent for putting out fires. However, its relatively high boiling point(itt is a
liquid at most ambient temperatures) makes it a poor agent for total foc>ding
applications. Halon 2402 is also the most toxic of the three halon agents t>eing
considered. Because Halon 2402 cannot be used for total flooding applications _ it is
not being considered for use on this program.

The two halon agents which can be used for total focoding

appilications, Halon 1301 and Halon 1211, have consiacrably different uperating
characteristics. The following describes some of the pro and cons of using Halon 1301
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Figure A-1. Comparison of Halon Extinguishment Characteristics

13




versus Halon 1211. Halon 1211 is the pnmary fire fighting agent used in Air Force
base flight line fire extinguishers. Air Force fire departments are familiar with its uses
and hazards, and the agent is in general readily avai'=zule on most Air Force bases.
Halon 1301 on the other hand is used in the protection of C5 cargo bays and avionics
areas. Air Force fire departments are familiar with its uses and hazards, but the agent
is not as readily available on most Air Force bases. Because Halon 1301 vaporizes so
quickly, its fire fighting effectiveness is reduced to a greater extent by openings
(causing agent leakage) to the outside. However, when the aircraft is completely
sealed Halon 1301 is more effective in penetrating and attacking fires in all areas
(including nooks and crannies). Halon 1301 is also a better overall fire fighting agent
and is less toxic. Environmentally, Halon 1301 has a higher Ozone Depletion Potential
(ODP) than Halon 1211. However, both agents due to their high ODPs are being
phased out. Finally, most research in trying to develop alternate agents for the Halons
has been focused towards finding a Halon 1211 replacement. Systems based on using
Halon 1211 are more likely to have a replacement agent available sooner. However,
no drop-in replacement agent is currently available for either agent.

As previously mentioned, CO2 and Halon 1301 are the agents
most commonly used for total flooding applications. In comparing the use of CO2
versus Halon 1301, the Kidde-Fenwal Corporation recommends the following. If
extensive discharge testing is going to be performed, or if the system is going to be
used to protect areas where a limited number of personnel work with easy egress, or if
the area contains materials which may react with halons a system utilizing CO2 is
recommended. If personnel egress is limited a system utilizing Halon 1301 is
recommended.

CO2 systems cost less to install, operate, and maintain. CO2 is
inert producing no agent breakdown that is toxic or reacts with other materials. CO2 is
readily available throughout the world, is cheaper, and does not require an additional
nitrogen supercharge to discharge. Halon 1301 on the other hand requires fewer
number and smaller cylinders for storage, and does not require personnel egress prior
to discharge allowing it to begin extinguishment sooner (although personnel egress is
required as soon as the agent is discharged). Other considerations include the fact that
Halon 1301 dissipates slower than CO2 making it easier to maintain desired
concentration levels and provides better protection against deep seated fires. Both
agents, however, have been used successfully and effectively in a number of different
total flooding applications protecting a wide range of hazards.

2.1.1.3 Replacement Agents

The final types uf agents being considered for use on this program
are the replacement agents for Halon 1301 and Halon 1211. Two types of replacement
agents are being considered. The first type is a direct drop-in replacement for either
agent. The second type is an agent which has similar operating and firefighting
characteristics as Halon 1301 or Halon 1211 but may require some modifications to
existing extinguishment systems or a tctally redesigned extinguishment system. The
availability of a direct drop-in replacement means that the fire sentry system coul!d be
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designed around one of the halon agents and switch over to the replacement agent
once it becomes available. Using the second type of agent requires that the
extinguishment system be designed around the replacement agent and possibly use
one of the halon agents until the replacement agent becomes available.

Two companies as well as several government and university
agencies are actively trying to develop replacement agents for Halon 1301 and
Halon 1211. The Great Lakes Chemical Corporation has developed a product which is
currently available for limited use, called FM-100, which has physical charactenstics
somewhere between Halon 1301 and Halon 1211 and an ODP within the acceptable
limits set by the EPA. However, its lethal toxicity level is worse than Halon 1211 making
it only usable in normally non-occupied areas. Initial tests of FM-100 have shown that
its fire fighting charactenstics require approximately 0.5% higher concentrations to
extinguish a fire as compared to Halons 1301 and 1211.

The DuPont Corporation is developing products to replace both
Halon 1301 (FE-25) and Halon 1211 (FE-232). However, these products are still
undergoing developmental testing, evaluation, and characterization, and are not going
to be available for use until the later pait of this decade. Although, FE-232 is being
marketed as a possible replacement agent for Halon 1201, its high boiling temperature
and low vapor pressure indicate that it is a liquid when discharged which makes it
completely unsuitable for use as a tota!l flooding agent and is riot being considered foi
use on this program.

The demand for replacement agents is a direct result of the
Montreal Protocol and the Clean Air Act of 1990. The details of these legislations and
their impacts on the use of halons is described in Section 2.2. The status as to how
soon these agents are going to be available is described in next section.

2.1.2 Halon Replacement Agent Status

Two major recent events, the signing of the Monti2al Protocol and the
enactment of Clean Air Act of 1990 (see paragraph 2.2) have paved the way for all
substances which deplete or cause damage to the atmospheric ozone layer to be
phased out. This includes all the popular halon fire fighting agents, especially Halon
1301 and Halon 1211, currently used in wide spread commercial and military
applications. In response to these directives several companies and government
agencies have initiated research programs to find alternative replacement agents for
Halon 1301 and Halon 1211. The Halon Alternative Research Corporation (HARC)
headed by Dr. Jack Riley of Ansul, and supported by a number of diverse companies
including Great Lakes Chemical Corporation, DuPont, Ansu!, Fike, British Petroleum,
and MC! Communications, as well as the EPA and the United States Department of
Defense is a new organization with an estimated $25 million dollar budget over the next
eleven years to develop and facilitate the introduction of new fire fighting agents. Other
agencies including New Mexico Engineering Research Institute (NMER!), National
Institute of Standards and Tecinnology (NIST), Wnght-Patterson AFB, and AFESC at
Tyndall AFB are also working on developing new agents.
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As an additional incentive to develop new replacement agents, a new
excise tax was imposed on all which depleted the ozone layer. The amount of the tax
was directly related to the ozone depletion potential (ODP) of the matenai.. As shown in
Table A-1, Halon 1301 has an ODP value of 10.0, Halon 1211 has a value of 2.0, and
Halon 2402 has a value of 6.0. The tax is equal to $0.25 per pound beginning January
1, 1991 through December 31, 1992. Beginning January 1, 1994 the tax jumps to
$1.65 times the agent's ODP per pound, and increases by $0.45 per year. In the year
1999 the tax on Halon 1301 will be $49.00 per pound. This along with the diminishing
supplies due to the phasing out of the agents and the increasing demand for halon
products is driving the cost of recharging halon systems increasingly upward.

While the Great Lakes Chemical Corporation has announced that its
FM-100 has acquired the EPA's approval for use in normally non-occupied areas, the
agent is not a direct drop-in replacement for either Halon 1331 or Halon 1211.
Manufacturers of elastomers (o-rings, gaskets, synthetic rubber, etc.) have found their
products exhibit linear swelling characteristics when exposed to FM-100. Being so new,
long term effects, operating characteristics, recommended usages, availability, cost,
and uniform standards have not been established.

As previously mentioned, DuPont is in the process of developing
replacement agents for Halon 1301 and Halon 1211. The replacement agent for Halon
1211, FE-232, is being developed as a substitute to be used instead of Halon 1211
during Air Force fire fighting training exercises. it is designed to have simiiar physical
characteristics as Halon 1211 but does not have to be as effective at fighting fires.
Much higher concentrations of FE-232 are required than Halon 1211 to extinguish
similar types of fires. Combustion testing of this product is currently being performed at
NMERI. Preliminary tests for FE-232 have shown that it has a much higher toxicity, and
a much lower ODP (0.02) than Halon 1211. While compatibility tests have not been
completed, FE-232 has strong solvency characteristics and causes certain synthetic
rubbers to swell excessively. This agentis not expected to be available until 1991, and
then only in small quantities.

FE-25, a replacement agent for Halon 1301, is currently undergoing
characterization testing. Preliminary tests have shown that FE-25 is not as effective in
fighting fires as Halon 1301, requiring as much as three times the concentration to
extinguish equivalent test fires. Toxicity information on FE-25 is still inconclusive with
further tests still to be performed. Initial compatibility tests have shown that FE-25 is
compatible with certain types of gasket materials making drop-in replacement
possibilities more likely. Availability of FE-25 is not expected until 1995 with costs
approximately three times that of Halon 1301.

The Air Force's time table for finding a drop-in replacement agent for
Halon 1211 is expected to last until the later part of this decade. An agent using FE-
232 blended with another agent is currently undergoing toxicity and charactenzation
testing. This agent should be available during the later part of FY93 for training use
only. A final replacement agent is not expected to be developed until FY94 with
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additional 2 to 3 years of toxicity and characterization testing before it is available for
operational use. There is currently no time table for finding a drop-in replacement
agent for Halon 12™. Some small dry bay testing of a Halon 1301 replacement is
being performed at v .right-Patterson AFB. Again, a greater emphasis has been placed
on finding a replacement agent for Halon 1211 because of its extensive use in flight line
extinguishers.

2.2 Montreal Protocol / Clean Air Act of 1990

In Montreal in September 1987, 24 nations, including the United States, signed an
agreement to reduce and eventually eliminate the use of chlorofluorocarbons (CFCs)
and halons which deplete the earth's ozone layer. This agreement known as the
Montreal Protocol was signed by eight additional countries by June 1988. The
agreement was further strengthened when in June 1990 the Montreal Protocol was
revised and now supported by 93 countries. The new agreement set the stage to
phase out CFCs and halons and restrict other ozone-depleters by the year 2000. With
respect to halons, the agreement set to reduce halons by 50% by 1995 with complete
phaseout by 2000. This includes Halon 1301, Halon 1211, and Halon 2402. However,
exemptions for essential uses is permitted. Beginning in 1991 a committee of
"international experts” (still to be determined) shall convene and determine which
products or systems deserve exemption from the Protocol's provisions. Final decision
from the committee is expected in 1991. It is expected that very few products or
systems shall be given exemption status.

Near the end of 1990, the United States passed a bill called the Clean Air Act of
1990, which strengthened the provisions of the Montreal Protocol by requiring a
complete phase out of CFCs and halons by 2000. A major impact of the bill is the
accelerated phasing out of halon agents The bill besides banning the production and
distribution of halons after the year 2000, also imposes a tax per pound sold based cn
the agent's ozone depletion potential (ODP). Halon 1301 has the highest ODP of 10.0
and would be taxed the greatest followed by Halon 2402 with an ODP of 6.0 and Halon
1211 with an ODP of 2.0. Only those halon or related agents with an ODP of less than
0.2 are allowed after 2000.

Tre term phasing out refers only to the new production of the agents. Existing
system are still allowed to use halon agents and may be recharged after use. However,
the agent used to recharge the system must come from reserve banks or be
transferred from another system. The focus of the legislation is to force people to be
more careful with and more aware of the consequences of using halon fire fighting
agents until suitable replacement agents can be found. A study of 1986 uses showed
that by weight, less than 40% of the halon agents discharged went towards fighting fires
while over 60% were what are termed controllabie emissions. Controllable emissions
are those caused by testing, training, accidental discharges, and system servicing.
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2.3 Impacts

The impact of the Montreal Protocol and the Clean Air Act of 1990 is causing
serious consequences in the fire fighting industry. In 1985 it was estimated that
approximately 1.7 million portable systems utilizing Halon 1211 and 86 thousand total
flooding systems utilizing Halon 1301 were used by commercial agencies. The
Department of Defense, especially the Navy and the Air Force, use extensive numbers
of halon fire fighting systems for the protection of aircraft and ships. Being so effective
at fighting fires with no reasonable alternative agent available or expected to be
produced in the near future, the demand for halon systems is increasing.

The first major impact of the Montreal Protocol is that the cost of using or
recharging a halon system is increasing due to increased demand, decreased supplies,
and added taxes. Users of halon systems without an adequate replacement agent may
not be able to recharge their systems after use, leaving once protected areas
vulnerable to fire damage. They are forced to switch over to other agents such as CO2,
dry chemicals, or water. However, these require complete replacement of the existing
system once used for halon, and the acceptance of the detrimental charactenstics of
the replacement agents. Due to incompatibilities with halons, switching over to the one
replacement agent which is currently available, still requires a complete redesign of the
extinguishment system. Commercial industries as well as military applications are
worried that they may not be able to suitably protect against fire hazards when the
Protocol's full provisions take effect.

While many commercial industries as well as government agencies have, in
response to the protocol, been trying to develop acceptable replacement agents, the
long term characteristics of these agents will not be known for many years. Ever since
their initial development in the 1940s, extensive research has been conducted on
determining the characteristics, long term effects, optimal extinguishment equipment,
and system standards for the modern day halon agents. While a company may
proclaim that it has developed a replacement agent which exhibits similar fire fighting
characteristics as one of the existing halons, an extreme amount of testing still needs to
be performed to fully characterize the new agent.

Testing that will have to be performed on each new agent includes determining a
new agent's throwing distance, dispersion characteristics over temperature, its ability
and concentration levels required to fight various types of fires, impact on flame fronts,
residual chemical breakdowns, toxicity of the agent and its after fire residues, stability of
the agent over time, corrosive affects of the agent and its byproducts on various types
of matenals, environmental impacts, long term health effects, as well as many other
characteristics. The list of unknown attributes for each new agent is very long. Itis not
known when an agent is submitted for testing whether or not it will sufficiently pass all
tests to be widely accepted for use as a replacement agent. A single imperfection may
cause an otherwise perfect agent to be rejected for use. In short, without a single
replacement agent for Halon 1301, 1211, or 2402 currently available or soon to be
available, the risks and resulting consequences of completely eliminating these agents
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is quite severe. Additionally, the costs for fully testing the new replacement agents can
be expected to be very high and eventually passed on to the end users.

The impacts to this program are that a decision must be made as which agent the
system will be designed around. The initial choice is to use one of the halon agents
(Halon 1301). Their operating characteristics and fire fighting capabilities are well
suited for this application and are far superior to any other agent available. However,
the system can only be designed around an existing halon agent if it is assumed that
either a drop-in replacement agent will become available before the existing agent can
no longer be used, or the system or the agent will be exempted from the provisions of
the Montreal Prot-~ol and the Clean Air Act (even at the cost of additional high taxes
and reduced production). Neither scenario is very likely.

The second choice is to design the system around one of the up and coming
halon replacement agents. But, designing the system around a new agent is also very
nisky. First of all, there are very few (only 1 to date) new agents in which to design a
system around with very few others available in the near future. Secondly, in the event
that an attribute of the new agent is discovered which makes it undesirable for use, the
system would have to be redesigned to accommodate a different agent (which may not
exist).

Finally, the system could be designed around CO2 accepting the safety risks
involved in the event of an accidental or purposeful discharge. Again, other cgents
such as water, dry chemicals, or foams are not being considered due to their clean up
costs and their potential damage to the cargo and the aircraft. The preliminary decision
as to which agent the system shall be designed around is discussed in paragraph 4.0.

In making the decision as to which agent to use, it should be noted that the fire
sentry system is in a conceptual design phase. The focus of the program is dedicated
towards designing an improved fire detection and communication system rather than on
proving itis possible to extinguish fires in a cargo bay. Analyses and tests showing how
good all of the perspective agents (except for the replacement agents) are at
extinguishing fires and what equipment is needed to achieve desired extinguishment
levels of agent have already been performed. It is intended that the design of the
extinguishing system shall be based on existing data. Also, it is not within the scope of
this program to test or verify the characteristics of a new agent. Finally, in keeping with
the provisions of the Montreal Protocol and the Clean Air Act of 1990, it is not
recommended nor politically desired to use a halon fire fighting agent to prove out the
operation of the system. Once conceptually proven, the system can be easily retrofitted
to use any fire fighting agent.
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3.0. BACKGROUND AND REQUIREMENTS

The following paragraphs form the basis from which the preliminary fire sentry
system was designed. One of the requirements for completing Task 1 of this program
was to perform a survey to determine the fire protection requirements of parked large
frame aircraft, and a survey to determine the availability of current technologies to
accomplish the required protection.

To determine the protection requirements of large frame cargo aircraft, four Air
Force bases (Norton, Travis, March, and McCord) were visited to view representative
aircraft and discuss the requirements of the system with the corresponding base fire
departments. The information from the Air Force bases was incorporated along with
data from accident reports on past military and commercial fire events to derive the final
requirements.

3.1 Types of Aircraft Reviewed

Four different types of large frame cargo aircraft were reviewed at the vanous Air
Force bases. A C141 aircraft was viewed at Norton AFB and McCord AFB, a KC-10
and a C130 were viewed at March AFB, and a C5 was viewed at Travis AFB. Figures
A-2 through A-5 show the exterior and the interior cargo holds of each of the aircraft
respectively. Particular facets of each aircraft were observed to determine their
possible effects on the design of the fire sentry system. These included the size of the
cargo bay, the number and sizes of openings into the cargo bay, available equipment
which could be used, available places in which to install the fire sentry system, the types
and sizes of cargo carried, how the cargo might impede the installation or removal of
the fire sentry system and how the fire sentry system might impede the installation or
removal of cargo.

The C141's zargo bay is approximately 100 feet long, 9 feet wide, and 9 feet tall
(to the center beam, 12 feet to the ceiling). The volume of the bay is approximately
11,000 cubic feet and can hold approximately 8630 cubic feet of cargo. The C141 has
4 emergency personnel escape hatches. Two are located just in front of where the
wing attaches to the fuselage on both sides of the aircraft, and two are located near the
rear of the cargo bay again on both sides of the aircraft. The doors are approximately 2
feet by 3 feet in size and are easily removed by a single crewman from inside or outside
of the aircraft. The C141 also has two vents from the outside of the aircraft to the cargo
bay. The fuselage vent is a 1 5/8" hole and the cryogenic vent is a 3/4" hole. Both
holes are located approximately five feet from the front of the cargo bay on either side
of the aircraft. The only other openings from the cargo bay to the outside are 3 crew
doors, one located at the front and the other two located at the rear of the cargo bay,
and the cargo bay door itself.

The KC-10's cargo bay is approximately 120 feet long, 20 feet wide, and 10 feet
tall (in the shape of a half circle). The volume of the bay is approximately 18,000 cubic
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Figure A-3. KC-10
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Figure A-4. C130
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Figure A-5. C5
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feet and can hold approximately 11,000 cubic feet of cargo. The KC-10 has a single
emergency exit from the cargo bay located near the rear of the aircraft. The exit is not
easily opened for general non-emergency use. The cargo bay has a single personnel
access hatch located in the fioor in the middle of the bay on the right side of the plane.
This hatch leads to a space under the floor which is accessible from the outside of the
aircraft. The KC-10 has a single vent (overboard vent) located just over the wing on the
left side of the aircraft. The only other accesses to the cargo bay are the passenger
door through the passenger compartment and the cargo bay door. Of all the aircraft
viewed, the KC-10 has the fewest accessible openings from the cargo bay to the
outside and provides the greatest challenge to the extinguishment design of the Aircraft
Fire Sentry system.

The C130’s cargo bay is approximately 50 feet long, 12 feet wide, and 10 feet tall.
The volume of the bay is approximately 6,000 cubic feet and can hold approximately
4,500 cubic feet of cargo. The C130 has a single emergency escape hatch on the right
side of the aircraft and two escape hatches on the top of the aircraft (one in the cockpit
and one over the cargo door). The C130 has no vents and the only other openings to
the cargo bay are the main crew door and the cargo bay door.

The C&'s cargo bay is approximately 125 feet long, 24 feet wide, and 14 feet tall.
The volume of the bay is approximately 50,000 cubic feet and can hold approximately
34,800 cubic feet of cargo. The aircraft also has two crew decks which are located
above the cargo bay. The C5 has four 3" circular openings from the cargo bay into the
side wheel wells. The openings are covered with a clear plastic lens. The openings are
not accessible for use due to an obstruction by the landing gear in each of the wheel
wells. The C5 also has a single 4" circular opening from the cargo bay to the outside
near the front of the cargo bay. However, this opening is used to drain a portable toilet
and may not always be available for use by the Fire Sentry system. The C5 has 2
emergency escape hatches located near the cargo bay door on either side of the
aircraft. The only other openings to the cargo bay are the main crew door, the rear
cargo bay door and the front cargo bay door.

All of the aircraft viewed had some sort of fire detection system on board. The
C141, KC-10, and the C130 used smoke detectors located in the ceiling of the cargo
bay. The C5 used both smoke and UV flame detectors. The C5 was the only aircraft to
have an active fire suppression system consisting of ten 70 pound Halon 1301 bottles.
The bottles are discharged automatically or manually from the cockpit. In all the aircraft,
the status of the detectors is displayed on a panel in the cockpit. However, if the
airplane is not powered, the detectors, and in the case of the C5 the halon
extinguishing system, cannot operate. In all the aircraft, hand held halon 1211 fire
extinguishers are distributed throughout the cargo bay and a 150 pound Halon 1211
flight line extinguisher is positioned outside.
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3.2 Past Fire Events

Since 1980, over 50 ground related fires have been reported to have occurred on
C141, C130, KC-10, and C5 type aircraft with a total damage of over 92 million dollars.
Table A-3 lists the fire events which were reported. In almost all of the fire events, the
aircraft was being operated with personnel nearby. In aimost all of the events the fire
sentry system being developed under this program could have helped minimized the
damage caused by the fire.

While most of the reported fire events did not start in the cargo bay, the potential
for an accidental cargo related fire is very real. In the commercial aviation world there
have been a number of reported fires which onginated in cargo hold of aircraft. Table
A-4 is a sample list of past fire events which have occurred on commercial aircraft.

3.3 Fire Threats

The most common sources of fires aboard military aircraft are caused by the
engines, the aircraft power units, and during fuel transfer operations. Other possible
sources of ignition include electric motors, power supplies, batteries, avionic
electronics, personnel heaters, tools, loaded cargo, and lightning. Fire threats located
outside the cargo bay area are not addressed by this program except to the extent that
they may cause a fire which may burn through to the cargo bay.

Located inside the cargo bay of all the aircraft viewed are a number of different
matenals which are flammable or can add to a fire's intensity. The most serious threats
are the hydraulic, oxygen, and fuel lines which are located overhead or along the walls
of the aircraft. The severing of any one of these lines causing a leak can generate the
necessary conditions for a serious fire or an explosion. Other potential fire threats
include batteries, exposed power lines, and electronic systems.

The cargo loaded onto the aircraft also poses a serious fire threat. The cargo
transported by military aircraft ranges anywhere from non-flammable materials,
personnel luggage, building materials, chemicals and fuels, to very highly explosive
ordnances and ammunition. While most cargo is very carefully packaged (as
evidenced by the limited number of reported cargo related fires aboard aircraft), the
potential for a fire is great. This can be seen from the number and causes of cargo fires
which have occurred aboard commercial aircraft. In many cases fires were triggered by
shifting cargo (or luggage) which caused improperly packaged or restricted matenals to
ignite. In the span of one year alone, 5 fires caused by matches igniting were reported.
Other causes of reported fires include reactions due to leaking chemicals, spontaneous
ignition of stored chemicals, overheating motors, and combustible materials coming in
contact with normally hot surfaces.

To determine the characteristics of fires occurring in large cargo bays the

Federal Aviation Administration (FAA) conducted several studies in the early 1980s.
The studies concluded that the larger a cargo bay is, the higher the: rate of temperature
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TABLE A-3. PAST MILITARY CARGO AIRCRAFT FIRE EVENTS

Kumber Aircraft Property Personnel Injuries Fire Personnel Kelp From Fire Sentry
Type Damage Damage Damage Present Alarm Detection Suppression
Reported Reported Internal External

1 KCO10A $48,277,639 $47,000 Death Fuselage Midsection Yes X X X X
2 C1304 $17,380,000 Flight Deck Yes X X X X
3 C1418 811,333,270 Aircraft Destroyed Yes X X X X
4 COOSA $9,091,986 $2,916 Troop Compartment Yes X X X X
S COOSA $4,919,214 Wing & Engine No

6 COOSA $173,306 Engine Yes X X

7 C130€ $169,209 $11,830 Burns  Fuel Tank Yes X X X X
8 C00SA $114,185 Refueling Vehicle Yes X X
9  cO00SA $98,000 Engine Yes X X
16 COOSA $65,797 Cargo Bay Area Yes X X X

11 C130€ $55,459 Engine Yes

12 EC130H $50,103 Engine Yes X X
13 HC130H $43,060 $10,060 Fire Burns Pylon Tank Yes X X
14 c130c $35,152 External Fuel Tanks No

15 cl41A $33,227 Engine Yes X X
16 EC1308 $29,600 Engine Yes X X
17 AC130A $26,570 Fuel Filler Yes

18 C130€ $19,836 * Fuel Tanks No

19 Cc130€ $18,227 GTC Area Yes X X X

20 C130€ 817,722 Main Fuel Tank Yes X X X X
21 C130€ $15,050 Main Fuel Tank Yes X X
22  COO0SA $13,918 Engine Yes X X
23 HC130pP $11,569 External Fuel Tanks Yes X X X
24 COOSA $8,687 Engine Yes X X
25 C130e $8,560 * Fuel Tanks No

26 HC130H $7,450 Fuel Tank Yes X X
27 1308 35,748 * Fuel Tank No

28 AC130 85,782 Prop De-Icing System Yes X
29 HC130P $4,439 External Fuel Tanks Yes X X X X
30 wC13s8 $2,638 Generator Yes X X X
31 c1s18 $2,096 APU Yes X X
32 Cl41A $2,075 LOX Service Yes X
33  C130€ $1,347 * Main Fuel Tank No
34 C1418 $0 Refueling Vehicle Yes X X
35 C130E $0 - * Aux Fuel Tank No
36 HC130P $0 * Fuel Tank Yes
37  Cc130H $0 * Main Fuel Tank No
38 CO0SA $0 Engine Yes X X
39  c130¢ $0 * Main Fuel Tanks No
40  CO0SA $0 Engine Oil Sply Line Yes X
41 CO0SA $0 APU Yes X X
42 C130 $0 Dry Bay Yes X X X
43 €130t $0 * Fuel Tanks No
& cle1s $0 Engine Yes X X
45 C130e $0 * Main Fuel Tank No

& C130€ $0 * Main Fuel Tank No
47 HC130P $0 * Fuel Tanks No

48 C130A $0 Engine Compartment Yes X X
49 WC1308 $0 Ext Vent Valve Yes X

S0 C130A $0 $1,950 Oxy Service Trailer Yes X

S1  CUOSA $0 Heater Yes X X X

52 C130€ $0 Prop Anti-Ice System Yes X X
$3 C130€ $0 * Externsl Fuel Tank No

54 WC130K $0 * Benson Tanks No

S5 Cl1418 $0 Refueling Vehicle Yes X

$6  C130€ $0 * Aux Fuel Tenk No

$92,041,921 $73,776
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TABLE A-4. SAMPLE LIST OF PAST COMMERCIAL FIRE EVENTS 1971-1980

1. A fire occurred in the AFT cargo compartment of a Boeing 707.
Cause of the fire was undetermined but assumed to originate from
spontaneous ignition of stored chemicals.

2. Smoke generated by the exothermic chemical reaction between
leaking nitric acid cargo and the sawdust packing around it, caused
the crew to lose control of a 707 cargo aircraft. The aircraft was
destroyed in a crash.

3. Fires in the cargo bays of a Boeing 727 and a DC-9 were caused by
burning mail bags.

4. Matches igniting in luggage were the cause of fires on three BAC 1-
11-500s

5. Shifting cargo leaning up against a door light caused sufficient smoke
to set off alarms in a Gulfstream G159.
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rise and maximum ambient temperature a fire can produce. The studies showed that a
fire could produce temperatures as high as 17000F at the ceiling height within 2-3
minutes unless the airflow to the fire was shut off. Reducing or shutting off the air flow
within the cargo bay greatly reduces a fire's intensity and the overall problem of
suppression. Although flaming can be suppressed by sealing the cargo bay, fires in a
smoldering condition can burn for an indefinite period of time and re-ignite as long as
30 minutes later if air flow is restored, even slightly. Leakage rates as low as one air
change per hour can cause a fire's re-ignition. The use of an extinguishing agent at the
time of a fire's detection was shown to greatly reduce the occurrence of flash fires and
minimize the temperatures in the bay.

From these tests it is apparent that the C5 poses the greatest fire threat followed
by the KC-10, C141, and the C130. The KC-10 poses the additional threat due to its
refueling tanker configuration. Also the fire threat is the greatest during penods when
cargo bays are loaded and the cargo bay door is open. In all cases whether or not the
cargo bay is full or empty or if any doors to the cargo bay are open or closed, it is very
important that a means exist to rapidly detect fires and disperse an extinguishing agent.
For flash fires the importance of an automatic suppressant release is especially crucial.

Another indirect fire threat to military aircraft is the inability to automatically notify
the fire department in the event of a fire. Currently on air bases the only means of
detecting and reporting fires is by local personnel visually confirming a fire and reporting
it using portable radios. This problem is compounded by the fact that most personnel
do not carry a portable radio with them at all times. In several instances of repcrted
fires aboard military aircraft, fires were reported not by the personnel at the fire but
rather by personnel who just happened to be passing by.

When the fire department receives a call, it must rely on the verbal information
given to determine the location of the fire. It must then go to the designated area and
begin searching for the fire by looking for smoke, flames, or crewman to guide them.
On a large airfield with many parked aircraft this is not always easily performed in an
expeditious manner, especially at night. The additional delay imposed by limited
communications and locator methods increases the time for a fire to gain intensity and
potentialiy grow into an uncontrollable disaster.

3.4 Fire Protection of Large-Frame Aircraft

When designing a fire sentry system for large-frame aircraft, two different
scenarios must be considered. First of all the fire sentry system must address and
provide protection against as many fire threats as possible. Secondly, the fire sentry
system must address the operational characteristics of the aircrait it is to protect.

The operation of the fire sentry system is broken up into two distinct parts: fire
detection and fire suppression. The fire detection operation deals with the methods
which fires are detected, the physical configuration of the detection system, and any
communication links required. The fire suppression operation deals with the type of fire
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suppressant used and the configuration of the equipment used to deliver the agent.
For both operations the criteria which must be considered include: are personnel
around or is the aircraft unattended, is the cargo bay empty or fully loaded, and are any
doors (especially the cargo bay door) open?

The detection operation of the fire sentry system is required to operate under a
number of different constraints. First the detection system must be able to "see" or
detect a fire when a plane is fully loaded with cargo (which act as obstructions). This
relates to the geometry of the detection system and the type of detectors used. In order
to be effective, the detection system must be able to detect the presence of a fire
quickly while at the same time not respond to the large number of false alarm stimuli
present in and around an aircraft.

As previously mentioned, the quicker the detection system can accurately detect a
fire, notify the fire department, and release a suppressing agent the less damage the
aircraft is likely to sustain. The detection system must be modular in design so that it
can be used in any large frame aircraft, it must be easily installed and removed, and it
must be capable of rejecting all types of false alarm stimuli.

To meet the detection constraints, detector modules utilizing several different
types of detectors are used. The different detectors used monitor the presence of
unique fire charactenstics. As a minimum, both flame and smoke detectors shail be
used. The use of different detectors increases the probability of early detection and
with the use of intelligent processing of the data provided by the detectors, minimizes
the false alarming. Paragraph 3.6 summarizes the different types of detectors
available, their operational characteristics, and their range of typicai use.

The detection system is also required to address the problem of communication
links required to operate the system. One link is required to notify the fire department of
an existing fire and clearly direct them to the fire's location. A second link is required to
transfer the data from each of the detector modules to the external cart for processing.
Due to the remote nature of where aircraft are parked on airfields, the only
communication available is through an RF link. This presents a problem in that while
most Air Force bases do not have automatic fire detection systems using remote
communication links, some Air Force bases do have or are in the process of installing
one. This leads to a compatibility problem if the fire sentry system is widely deployed.
The communication between the detector modules inside the aircraft and the extemnal
cart can be either hard wired or RF. If RF communication lirks are used the problem of
interference between nearby systems must be addressed.

The fire suppression system is also required to operate under a number of
constraints. The system must be easily installed and removed, it must be compatible to
all aircraft with as few alterations as possible, it must not interfere with normal cargo
loading and unloading operations, and it mi*~t not require any permanent modifications
to the aircraft. Several options were discussed to meet these cnteria. Placing the
bottles storing the suppressant agent inside the cargo bay was rejected due to the
quantity of agent required to suppress a fire (especially in a C5) which by their physical
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size and weight wouid get in the way. The system must use existing openings or doors
in which to transfer the suppressant agent from the externai cart to the intenor cargo
bay. All aircraft have large cargo doors, personnel access doors, and escape hatches.
While all the aircraft viewed have some sort of fuselage vent, the physical
characteristics of the vents are so widely different that no single agent dispersion
system could be used for all aircraft. Any hoses runnina into the aircraft must be hung
from the ceiling so as to not interfere with normal cargo ioading operations.

Because of the geometry of a cargo bay and obstructions generated by the
different types of loaded cargo, a total flooding application of the fire suppressant agent
must be used. Given this requirement, selection of the exact type of agent depends on
a number of different factors. Toxicity of many agents at extinguishment concentrations
require a delay period between a fire's detection and the dispersion of the agent to
allow personnel within the cargo bay to safely egress. Each agent has a different
dispersion characteristic which is affected by openings to the cargo bay. Those agents
which have high dispersion characteristics (CO2 and Haion 1301) used for total
flooding applications, require proportionally greater quantities at higher rates to be
discharged to maintain the necessary extinguishment concentrations due to leakage
from the cargo bay. In the case of all the aircraft viewed, especially the C5, the opening
of the cargo bay door aimost totally diminishes the effectiveness of the suppressant
agent to penetrate the flame zone and fight a fire. However, for a sealed bay the high
dispersion agents have the advantage requiring fewer numbers of discharge ports to
achieve the necessary concentrations throughout any part of the cargo bay.

Other acents which are not normally used for total flooding applications (Halon
1211 & FM-100) require several dispersion nozzles along the length of the cargo bay to
ensure full coverage. Because these agents have relatively high boiling temperatures,
they have a problem of puddiing or condensing when discharged. Special care must
be taken to insure adequate mixing with air to provide a uniform dispersion of the agent.

The final area of concern is to insure that administrative controls on the system
are maintained. This means that when the system is depioved, a series of
administrative checks must be established to verify that the system is being used, is
being used properly, and is being maintained. Without these administrative checks in
piace the likelihood of abuse of the system is very high. When deployed, the system
represents an additional piece of equipment that the ground crews are required to be
traied on, maintain, and instail and remove from each aircraft on a frequent basis.
During the visit to the Boeing Company's 737 and 757 assembly facility it was observed
that many of the fire sentry systems used to protect the aircraft during assembly were
not properly installed or were not operational. Even with the threat of employees losing
their jobs, it was pointed cut that administrative controls stili have to be continuously
monitored and enforced.

When protecting anything by an automatic fire protection system, it is far better

not have the system installed than to rely on an improperly installed or broken system.
In order for a fire protection system to be effective it must be designed such that it is
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reliable and personnel will want to use it. The equipment must be viewed as having its
benefits far outweighing any inconveniences.

3.5 Operational Requirements .

After viewing the vanous large frame aircraft, visiting with several different Air
Force fire departments and ground crews, and reviewing previous work in this area, the
following is a list of minimal general requirements that the fire sentry system developed
for this program should meet.

1. The system must be designed knowing that it is going to be used by air
crewman and fire fighters on any flight line throughout the world. Personnel
using the equipment may be wearing gloves, fire fighting gear, or chemical
warfare gear. Size, weight, shape, and appearance are all critical factors
which must be addressed.

2. The system and all of its components must be rugged, capable of
withstanding extreme abuse and mishandling. All components must meet
military standards for shock, vibration, temperature, pressure, adverse
weather, humidity, fungus, hazardous atmospheres, EMI, and reliability, etc.

3. The system must be easily assembled, installed, removed, and disassembled.
Installation or removal of the system should not take more than 2 trained
personnel working only a few minutes regardless of the aircraft or the cargo
loaded.

4. The system must be modular in design such that it can be used to protect any
large frame aircraft.

5. The system must have a low false alarm rate and a high detection rate.

6. The system must provide automatic alarm notification to the fire station via an
RF communication link. System must also provide audible and visual alarms
to alert nearby personnel.

7. The system and all of its components must operate off of rechargeable
batteries and must be capable of continuous operation without a recharge for
a minimum of 72 hours.

8. System must not interfere with normal aircraft activities (primanly the loading
and unloading of cargo) and must not require any permanent modification to
the aircratt.

9. System must use commercially available or Air Force base common
components wherever possible.




10. System must be capable of suppressing Class A, B, and C fires by
maintaining required agent concentration levels in all areas of the cargo bay
for a minimum of 5 minutes with all non-emergency access doors except
cargo bay doors fully open.

11. System must include built in testing capabilities to verify the operational status
of the system before each use and during normal operations to aid in the
trouble shooting and repair of an out-of-order system.

12. The detection system and the suppression system must be operationally
independent from one another. That is each system must be able to operate
without the use of the other. The suppression system shall be activated
either manually or by ari electronic signal from the detection system.

3.6 Industry Research

As part of the requirements for completing the Task 1 effort of this program, an
industry research was performed to determine the availability of equipment which could
be used on this program. The main areas of the research were focused around
detector and detection systems, extinguishment systems, and communication systems.
Of the systems and components investigated, almost all are designed to be used in
commercial or industrial applications, primarily for the protection of rooms in an office
building. Because of the special nature of the fire sentry system, the use of any
components found require some customizing to be used on this program. Additional
research still has to be conducted to determine if any military qualified components
exist.

3.6.1 Fire Detectors

Fire detection is performed by measuring by-products generated by a fire
or the changes in the environment caused by a fire. Detectors, in general, measure or
“look for" only one particular characteristic of a fire. The different charactenstics
primarily measured by detectors are smoke, infrared radiation (IR), ultraviolet (UV)
radiation, and temperature. Other detectors are available but not as commonly used.
When the characteristic exceeds a predetermined threshold, then the detector outputs
a signal indicating it has detected a fire. Unfortunately, most commercially available
detectors are easily fooled and respond to non fire related stimuli. Detectors also
require continuous maintenance. Improperly maintained detectors can cause false
readings including not "seeing" an actual fire. Fire detection is based on the premise
that characteristics of a fire are not normally present in the detection area, and when a
characteristic appears, it must be caused or generated by a fire. Almost all fire
detectors are based on this erroneous premise and as a result are highly susceptible to
false alarming.

The detection of smoke is primarily performed by two different methods:
ionization and photoelectric. An ionization smoke detector uses a piece of radioactive
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material to ionize the air in a chamber making it conductive. Electrodes are used to
monitor the current across the chamber. Smoke particles entering the chamber reduce
the conductance of the air, and when the conductance drops below a threshold level,
the detector outputs an alarm signal.

Two different types of photoelectric smoke detectors are available. Both
use a light source and a photosensitive device to detect the light. One type of sensor
has the light source always incident on the photodetector. Smoke passing between the
light source and the photodetector reduces the light incident on the photodetector. The
other sensor relies on the smoke to reflect the light on o the photodetector. In both
cases when the amount of ligtt incident on the photodetector reaches a threshold, the
detector outputs an alarm.

Both types of smoke detectors are fooled by the same types cf false alarm
stimuli. Smoke (like from a diesel engine), fog, high humidity, or dust can cause the
detectors to alarm. lonization detectors are also susceptible to talse alarming due to
RF and voltage transients. From the manufacturer's catalogs most of the smoke
detectors, both ionization and photoelectric, had limited iemperature operating ranges
(320 to 100°F) The photoelectric detectors have the advantage that the smoke does
not actually have to come in contact with the detector elements and therefore the
detector electronics can be more easily protected.

While most smoke detectors can only measure incident smoke which
happens to enter the smoke chamber (spot detection), some detectors come with fans
or sampling tube, to bring the smoke to the detector. These detectors are more
efficient in detecting fires at greater distances. However, because of the fan, they also
require more power to operate.

Flame detectors measure the radiant energy emanating from a buming
substance. The two types of flame detectors used measure either infrared (IR) or
ultraviolet (UV) radiation. IR detectors operate by measuring the intensity and changes
in the incident infrared energy usually in a very narrow frequency range. Most IR
detectors have built in logic to only respond to changes which occur in the 1 to 10Hz
frequency range which is characteristic of a flickering flame. This helps prevent false
alarming by rejecting static or fast modulating b'ackbody radiation which may be
present. IR detectors are easily false alarmed by anything which creates a modulating
IR radiation including sunlight reflecting off shimmering water, strobing lights, or
personnel working in close proximity to the detector. IR detectors are also very
sensitive to variations in operating temperatures.

UV detectors operate by measuring the intensity of incident UV radiation
and output a signal proportional to the intensity. UV detectors are very sensitive and
will false alarm very easily in the presence of any UV energy including arc welding,
certain type of lights, and radioactive materials, even if the source of the UV energy is
far removed from the detector. The operation of the UV detector is degraded by the
presence of UV absorbing materials including oil mists or fims developing on the
viewing lens.
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Both types of flame detectors can see and quickly detect most hydrocarbon
fires. Because of the limited frequency band which each sensor operates, UV detectors
are not sensitive to IR energy and vice versa. False alarm stimuli for both types of
detectors is commonrly present in and around the cargo bays of military aircraft. To help
minimize the false alarming, a third type of flame detector which uses both UV and IR
detectors is available. Because UV and IR detectors have virtually no common false
alarm sources, when used together produce a detector with an overall lower false alarm
rate.

UV and IR detectors can only detect fires which are in the field of view of
the sensing elements. This allows the detectors to "see" fires at a distance. However,
any obstructions in the field of view minimize the area covered by the detector. This is
of considerable concem if these types of detectors are used in a completely filled cargo
bay.

The final type of fire detectors being considered for use on this program
are heat sensing devices. As was demonstrated by FAA tests, there is a significant
heat rise within a carge bay in the eve.it of a fire. Two different types are commonly
used. The first type, known as a fixed temperature detector, responds when the
ambient reaches a predetermined level. The second type, known as rate-of-rise
detectors, respond when the rate at which the temperature is changing (nsing) exceeds
athreshold. These sensors have the distinct advantage that they have a very low false
alarm rate. Normal activities within a cargo bay or variations due to normal weather
patterns cannot generate temperatures or temperature deviations within the range of
these sensors. The disadvantages of these sensors are they only measure
temperatures in a very small area (spot measurement) and they are slow to respond.

Along with the detectors, controllers are required to provide the necessary
support electronics to operate the detectors and associated decision making
processors to help minimize false alarming. One of the most commonly used decision
techniques is called detector voting where two or more detectors are required to "see" a
fire before an alarm is sounded. This helps prevent false alarming by ignoring spurious
stimuli detected by individual detectors. Other techniques include adding time delays to
require a fire signal to be preseni for a minimum specified time before an aiarm is
sounded. A list of manufacturers of detection equipment is shown in Table A-5.
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TABLE A-5. MANUFACTURERS OF FIRE DETECTION DEVICES

Manufacturer Types of Detectors Other Equipment
Smoke IR uv UVIIR Heat Control Alams

X

x

Ansul
Armtech
Detector Elec. X X
Fenwall

Fike

Fire Lite

Fire Sentry
Gamewell
Notifier
Pyrotronics
Scientific Instr.
Spectronics
Walter-Kidde

xX X

XX XXX XXX

XX XXX X X

XX HKXXXXX XX X
XX XXX XX

3.6.2 Fire Extinguishment Systems

There are many different methods and agents used in fire extinguishing
systems. Typical extinguishing systems use either water, foams, dry chemicals, halons,
or CO2. Systems using any of the prospective replacement agents are not yet
available or have had any of their operational characteristics defined. The
extinguishing requirements for the Aircraft Fire Sentry system are that it must be
efiective against A (ordinary flammables, paper, and wood), B (flammable liquids), and
C (electrical) fires, it must not require extensive cleanup effort, and it must not cause
damage to the aircraft or the loaded cargo. This eliminates all extinguishing systems
except those which use either halons or CO2 as agents. The final requirement is that
the design of the system need not ensure complete extinguishment, rather it need only
to contain or suppress a fire until the fire department can respond to complete
extinguishment. ‘

From the industry research several companies were found to manufacture
total flooding Halon 1301 and COZ systems. Halon 1211 is considered by industry to
be a streaming agent not used for total flooding apolications. As such only wheeled or
hand held portable Halon 1211 extinguishers could be found. Table A-6 lists
companies which manufacture extinguishing systems.
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TABLE A-6. EXTINGUISHING SYSTEM MANUFACTURERS

Manufacturer Halon 1211 Halon 1301 CO2

Ansul

Amerex X
Fenwall

Fike

Pyrotronics

Uptime

Walter Kidde

HKXX XX XX

3.6.3 Communication Systems

Because the fire sentry system is going to be used on aircraft parked
remotely on air base ramps, the problem of how to transmit an alarm signal iv the fire
station arises. The obvious solution is to transmit the alarm signal over an RF link using
portable radios. An industry research was conducted as to what equipment was
available to perform the communication between the fire sentry system and the fire
house, and between fire sentry system and the detection modules. The two different
types of communication equipment looked at were microwave, FM, VHF, and UHF
links.

The type of communication system used depends on a number of different
factors. Further investigation is needed to determine the regulations goveming the
operation of communication equipment on a military base especially on the flight line of
an Air Force base. Topics including available frequencies, power output, modulaticn
techniques, and communication protocols must still be resolved. The conceptual
design of the fire sentry system plans or senal digital data transmissions for all of its
communication links transmitted usiny FM radios. Table A-7 lists manufactures of
communication systems being con:sidered for this program.
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TABLE A-7. POSSIBLE COMMUNICATION SYSTEMS

Manufacturer Communication System
General Electric DL-100 Transceiver
Johnson 3410 Telemetry Modules
3420 Telemetry Modules
3490 Telemetry Modules
Monaco RFM 500 Modem, Connects to D-500 system
Motorola Radius
Remtron RTS Telemetry System
Vectran VR-11 Transceiver
VR-30 Modem
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4.0. FIRE SENTRY CONCEPTUAL DESIGN

To satisfy the requirements necessary to protect against existing fire threats and
meet the fire protection and operational criteria using existing equipment wherever
possible the following preliminary designs were devised. The designs are broken up
into three main pieces: intemnal detection, intemal suppression system, and the external
cart.

The first major obstacle to overcome with the design was how to communicate
between the internal detector modules and the extenal cart, and how to transfer the
agent from the external cart to the cargo bay without interfering with normal aircraft
activities. Several ideas were initially discussed. The first set of ideas centered around
placing all of the suppressant agent boitles and the master processing station inside
the cargo bay in vanous different configurations. This was rejected because it would
always be in the way whenever cargo was loaded or removed. The next idea was to
put the agent bottles and the master processing station outside on a cart and bning the
agent intz cargo bay through hoses through a normally open door. This idea was
rejected because it would get in the way and it prevented the closing of the door. The
next idea was to use "holes” or openings in the fuselage to inject the agent. However,
not all the aircraft viewed had similar types or easily accessible openings, end the
openings which were available were too small to disperse sufficient agent to extinguish
a fire.

The only other openings which are not normally used during ground operations
are the emergency exit doors. It was decided that these doors provided the best
access into the cargo bay. To install the system, the existing emergency door is
removed, set aside, and replaced by another door designed for aircraft fire sentry
system. The new door provides the necessary openings into the aircraft, is easily
installed and removed, does not require a modification to the aircraft, is easily modified
to fit any aircraft, is out of the way of any nermal aircraft activities, and can still be used
as an emergency exit if necessary. All connections between the external cart and the
cargo bay are made through the door. The door also has a overpressure blowout disk
to prevent accidental damage to the aircraft in the event that the cargo bay is
completely sealed at the time of discharge.

A block diagram of the proposed system is shown in Figure A-6. The svstem
consists of the detection modules and extinguisher nozzles inside the cargo bay, the
new door, and the external cart.

Three different detector module designs and two different agent dispersion
designs are being proposed. The first detector module design is shown in Figure A-7.
Each detector module consists of a small sealed enclosure approximately 8" to 12" on a
side. Four UV/IR flame detectors are mounted orthogonally on the four sides; a
photoelectric smoke detector ‘s mounted on the top along with a heat detector
(optional). A small fan is used o draw air through the smoke detector to increase its
sensitivity. The system i3 installed in the cargo bay by hanging from either the walls or
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the ceiling, or setting it in a place where the detectors have an unobstructed view of the
bay. The outputs of the sensors are digitally encoded and transmitted to the external
cart upon request. The power of the transmitter would be approximately 1 milliwatt with
a maximum range of 300 feet. The module is powered up with a rechargeable battery.
The detector modules perform no processing except the encoding of the data. The
extemnal cart shall request updates from each detector module a minimum of 1 to 10
times a second. The system is flexible in design such that any number of detector
modules can be installed in an aircraft. It is anticipated that 4 modules are required for
a C5, C141, and KC-10, and two modules for a C130.

The second detector module proposed has exactly the same configuration as the
first module except that all power and communication is provided through a hard wire
link. (That is the connecting cable) which might at times get in the way. This reduces
the flexibility of where the modules can be placed. The modules are designed to either
be daisy chained together or connected directly to the door.

The first agent dispersion system shown in Figure A-8 has a single set of nozzles
attached to the door. This system can only be used if the suppressant agent has
sufficient dispersion characteristics to completely fill the cargo bay from a limited
number of nozzles (Halon 1301 and CO2). A single pipe with several nozzles would be
permanently attached to the inside of the door. The suppression system would be
installed by simply attaching a flexible hose from the external cart to a quick release
connector on the outside of the door.

The third detection module and the second agent dispersion system are
incorporated together into a single expandable module. This system is used when it is
necessary to provide additional nozzles spread out along the length of the cargo bay to
disperse the agent. The combination module is shown in Figure A-9. For the
combination module both the agent hose and the detectors are mounted inside a light
weight protective housing. The heusing protects both the detectors and the nozzles
from accidental damage. Several nozzles are mounted along the length of the hose.
Each end of the hose is fitted with a self sealing quick release connector. Several
different types (UV/IR, smoke, and heat) of detectors are also mounted along the length
of the module. The detectors have overlapping fields of view such that a fire anywhere
in the bay is seen by two or more detectors. Modules are connected together in series
to expand and provide the necessary protection for any aircraft. Once all the modules
are connected together, the entire assembly is connected to the ceiling of the aircraft.
Connection to the door is made through the use of a flexible hose and cable.

Of the systems described, the combination module i1s the most cumbersome to
use. However, it provides greatest agent dispersion capability which is of great
importance for agents which are not normally used for total flooding applications.

The final part of the Fire Sentry design is the external cart. The external cart is
responsible for storing all of the extinguishment agent and providing all the processing
of the detector data, the necessary communication links between the detector modules
and between the fire station, and visual and audible alarms. A conceptual design of the
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external cart is shown in Figure A-10. Note that the basic design of the cart is
independent of the type of extinguishment agent used, and could be easily retrofitted to
accommodate any agent. The body of the cart is used to hold the cylinders containing
the extinguishing agent. The cylinders while piped together to act as a single source of
agent, are separated into two groups. The first group of cylinders is used to generate
the initial concentration levels of agent inside the cargo bay. The second group is used
to maintain the concentration levels for the required duration. The two groups of
cylinders are connected through an orifice which restricts or controls the flow of agent
from the second group of cylinders. During a discharge, all the agent in all the cylinders
is released.

The external cart is also equipped with an additioral external hose which provides
an additional flight line fire extinguisher capability. A valve is provided on the cart to
direct the flow of agent either to the external hose, to the cargo bay or both. If the agent
is directed to the cargo bay, all the agent is dispersed during a discharge. If the agent
is directed only to the external hose, then another valve at the end of the hose controls
the discharging of the agent. All hoses (both the external hose and the hoses
supplying the agent to the cargo bay) are equipped with seif sealing quick disconnect
fittings. These prevent an accidental discharging of agent from an unconnected hose.

The cart is powered by on-board batteries. When ihe system is not in use, a
battery charger is provided to recharge the batteries. The battery charger operates
automatically when connected to either aircraft power or a standard wall socket. The
cart provides a special location to store the detector modules. The location is designed
to automatically recharge the detector modules' batteries and provide additional
protection from the elements. The cart is also equipped with a display panel showing
the status of the system and printed instructions to show operation of the system to an
untrained user. All controls on the cart are clearly marked and positioned for easy
operation. Besides the communication link for reporting fires, the cart is also equipped
with a portable radio to allow voice communications with the fire station.

The cart is equipped with a standard hitch commonly used on similar type carts
and is designed to be towed by a vehicle to the site of the aircraft. Once parked, the
emergency door (or equivalent) to the aircraft is removed and set aside. The aircraft
fire sentry system's door is then put in its place. The detector modules are removed
from the cart and placed in the cargo bay of the aircraft. A hose is then connected from
the cart to the replaced aircraft door. The system is now ready to operate.

The system has several different modes of operation. The first mode is a built in
test (BIT) which is used to check the operational status of the system. The BIT verifies
that each sensor and communication link, and extinguishment system is properly
functioning. This helps to verify that the system is installed correctly before one of the
monitoring modes is activated.

The system has two monitoring modes of operation. The first mode is used

whenever personnel are working in or around the aircraft. In this mode the system
provides fire detection only. The automatic extinguishing system is deactivated to .
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prevent accidental discharging of the extinguishing agent. In this mode the agent can
only be discharged manually from the external cart. If a fire is detected, both visual and
audible alarms will sound. An automatic time delay is then initiated before the fire
department is contacted to aliow the nearby personnel to determine the cause of the
alarm and either manually activate the extinguishing agent or reset the system and
cancel the alarm. This operating mode is provided to allow nearby personnel the
opportunity to first assess the situation and make a determination if contacting fire
department or the application of the extinguishing agent is needed. Failure to cancel
the alarm within the delay period automatically causes the system to contact the fire
department. Discharging of the agent automatically causes the system to contact the
fire department. This mode of operation eliminates the possibiity of accidentally
discharging the agent on nearby personnel, or needlessly contacting the fire
department in event of an obvious false alarm.

The second monitoring mode of operation is used to protect the aircraft when no
personnel are nearby. In this mode the aircraft is assumed to be in a configuration
where false alarm stimuli are not likely to be generated and alarming by the fire
detectors has a high probability of indicating the presence of an actual fire. Smart
processing of the detector sensor outputs is still performed to minimize any possibility of
false alarming. When the system detects a fire, alarms are immediately sounded to
wam nearby personnel of the impending discharging of the agent, the fire department is
contacted, and the extinguishing agent is automatically discharged. A different alarm
signal is used after a discharge to alert responding personnel of the presence of the
agent in the cargo bay.

Because of the uncertain future availability and dramatically increasing costs of
halon firefighting agents, their use in this system is not recommended. Also due to the
limited information concerning the operating characteristics and availability of the only
available replacement agent to date, designing the extinguishment system around FM-
100 is very risky and beyond the scope of this program. Because this is a
developmental program, the design of the system is such that changing agents at a
later date is easily accomplished. Due to the environmental and cost impacts, the
extinguishing portion of the fire sentry system shall be designed using CO2 as the
extinguishing agent.
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5.0. CONCLUSIONS

There is a significant threat of fire on every large frame aircraft. Current fire
fighting capabilities are greatly reduced by the limited resources available to report fires
from remote sites. As shown by the damage to aircraft caused by fires, the need to
provide a means of faster detection and automatic notification of the fire department is
critical. National assets such as large frame cargo aircraft which are no longer being
manufactured, enhances the need for better protection against fires.

Protection of most aircraft is limited to on board detectors. Only the C§ aircraft
has an on board fire extinguishment system. However, these systems are inoperable
when aircraft power is off. In the event of a fire, the fire department must rely on a
visual confirmation by personnel with a portable radio. This is a very unreliable and
slow method for reporting fires. As shown by several independent tests, the intensity of
a fire grows very quickly inside a cargo bay. The delay in the fire department ability to
respond to a fire is directly proportional to the fire's destructive potential. The fire sentry
system being developed under this contract will help minimize the damage caused by a
fire by providing early detection, automatic suppression, and immediate contacting of
the fire department.

Due to the eventual phasing out »f halon fire fighting agents by the year 2000, the
type of extinguishing agent that the final fire sentry system which is deployed at actual
air bases, should be designed around is still a matter to be determined. The availability
of direct drop in replacements for any of the halon agents is very unlikely within the next
ten years. The availability of equivalent agents is more likely, but because they are not
fully characterized yet the design of a system around one of these agents is very risky.
The cost of using halon agents due to their growing demand, dropping production, and
very high taxes make them very undesirable for use even in the interim before they are
completely phased out.

Because of the built-in flexibility of the proposed system's design, it is not
mandatory to use the type of agent which will be used dunng final system deployment
for this initial development phase of the system . Demonstration of the system's
effectiveness at protecting cargo bays of large frame aircraft shall be performed using
an environmentally safe agent.

A successful demonstration of the system shall show that the system is capable of
accurately detecting fires under a number of different cargo bay configurations, and that
it is also capable of discharging and maintaining the required concentration levels of the
agent necessary to suppress a fire. More importance shall be given to the system's
advancement in the area of detection and alarming (notification of the fire department).

Because the detection and the extinguishing portions of the system are being
developed independently and the ability of switching over to another extinguishing
agent at a later date requires a limited impact to the system's overall design, the use of
CO2 is the only reliably available agent and the logical choice for use on this program.




Fire detection devices are designed to be used in areas void of any false alarming
stimuli. When false alarm stimuli are present, individual detectors are inherently
unreliable. Smart processing logic must be used to minimize the false alarming of
individual detectors. To adequately protect the cargo bay of a large frame aircraft the
fire sentry system must employ smoke, flame, and heat detectors. The flame detectors
are primarily used when the cargo bay is empty. They have extended range and fast
response times which are essential for detecting fast moving fires in an empty cargo
bay. When the bay is full of cargo, the ability of the flame detectors to "see" is impaired
limiting their usefulness in detecting fires only within a small area around the detector
modules. When the cargo bay is full, smoke and heat detectors must be used.
However, these devices are limited to only measuring the conditions nearby the
detector and must wait for the by-products of the fire to reach the detector. As a result,
detection using these devices is generally slow allowing a fire to develop before
detection is possible.

The fire sentry system must be carefully designed to help ensure its acceptance
for use on air bases world wide. Previous studies have shown the effectiveness of
various agents to extinguish fires. Considerable data is also available on these agents
concerning the designs and hazards of systems based on them. The focus of this
program is to develop a fire sentry system which is highly effective at detecting fires and
notifying the fire department with a very low probability of false alarming and which
people are willing to use.
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6.0. RECOMMENDATIONS

It is recommended that the three different types of detector modules and the two
different types of extinguishment systems outlined in Section 4.0 be developed for
testing on this program. It is also recommended that the developmental extinguishing
system be designed to use CO2 as the extinguishing agent for testing purposes.
Based on the results of the testing, detailed paper designs for Halon 1301 and 1211
shall be generated. The external cart shall be designed as outlined in Section 4.0.

A study must be performed to determine the availability of controllers for the
detector modules and the external cart. This cannot be performed until the exact types
of detectors are selected.

Testing of the components shall be initially performed in the laboratory. Testing
shall focus on determining the detector module's false alarm immunity and probability of
fire detection. Using local field test facilities, the communication portion of the system
shall be analyzed to determine its effectiveness at an actual air base and when used in
close proximity with several other operating systems.

Finally a packaging study shall be performed to determine the best way to protect
the detector modules and the external cart. Additional visitations to air bases may be
required to determine the compatibility and operational characteristics of the developed
systems to actual aircraft.
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1.0 SCOPE

The scope of this report will cover in detail Task 2, "Aircraft Fire Sentry Design
and Component Testing." It will include descriptions of the tests and the
instrumentation used to gather data and evaluate performance. Test results will be
presented and observations noted. Cost of the "Small-Scale" Task 2 system will be
discussed. Finally, recommendations for the final prototype will be described.
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2.0 SMALL SCALE "BREADBOARD" DESIGN DESCRIPTION

The Aircraft Fire Sentry (AFS) System concept described under Task 2 is
comprised of a remotely located, self-contained unit which detects fires and notifies a
central unit via radio frequency link. The heart of the AFS is the remote
Transmitter/Receiver (Tx/Rx) which would be the unit placed inside parked cargo
aircraft.

The remote Tx/Rx is a Monaco Enterprises BT2-3 Building Transceiver. The
BT2-3 has been modified to include a photoelectric smoke detector with an integrated
heat sensor and a horn. Further modifications include a strobe and manual hand pull
station on the exterior of the unit. The stand-alone remote Tx/Rx is powered by four
internal 12V/1.2AH rechargeable batteries, connected in parallel which should give the
unit an operational duration of a minimum of 60 continuous hours without a recharge.
The remote Tx/Rx is portable and easy to install. Overall dimensions are 7 in. x 11 in. x
14 in. and weight is 20 Ibs. The normal system antennae are the BSA-1 VHF
Omnidirectional Antenna Assembly which are located at both the BT2-3 and the central
Tx/Rx units. This system transmits at a frequency of 138.925 Mhz.

The photoelectric smoke detector, Centex Model 8120PT, has a nominal
sensitivity of 2.5% per foot obscuration. The thermal sensor was selected with an initial
level of 135°F and the piezo horn had an audio level of 90 dB.

Smoke, heat, and manual pull inputs are connected to zone addresses inside
the BT2-3. The zones are uniquely addressable input locations inside the BT2-3 that
can give specific information about the nature of the alarm. Scanning of zones occurs
at the rate of about twice per second. There are five zones available, two of which are
used. One is used for smoke/heat, and the other is used for manual pull.

The central Tx/Rx is a Monaco Enterprises D-500 plus Advanced Wireless
Information Management Alarm Receiving and Reporting System. The unit is AC or
DC powered, and is computer based. Its unique software is specifically developed for
managing conditions of remote units !ike the BT2-3. Similar to the remote unit, it also
has transmitting and receiving modules to allow it to communicate to remote units.
Once every hour the central Tx/Rx interrogates the remote's status. Their reply
indicates AC/battery power, tamper, or system trouble and alarm conditions, if any.
During operation of the entire system, an alarm message would be received, a
message displayed on the computer screen, and an audible tone heard approximately
6 seconds after the remote unit has detected a fire and sent an alarm message.

When the BT2-3 is powered up, it monitors the battery power and alarm/trouble
indications at the various zone locations. If a detector if activated, or if the manual
handle is pulled, an alarm signal will be sent to th2 corresponding zone address and the
BT2-3 will transmit an alarm message to the central T/Rx by the RF link. The central
Tx/Rx would normally be located at the base fire department. The information received
at the fire department would tell which zone triggered the alarm and thus where the fire
is located. .
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3.0 TEST DESCRIPTIONS

The performance of the AFS system was demonstrated through a series of
various functional tests. The tests were designed to a'low an objective evaluation and
to determine if the system meets the requirements as set forth in the Statement of
Work.

The test series is composed of four types of tests: 1) 60-Hour Operational Test,
2) Manual Pull Station Test, 3) Heat Test, and 4) Live Test. Each type of test was
repeated to show system repeatability. The live testing can be further divided into
smoke and fire tests.

The 60 Hour, Manual Pull and Heat tests were conducted at the Applied
Research Associates Lakewood, Colorado laboratory. The live tests were carried out
at ARA's remote test site which is approximately 30 miles east of Denver, Colorado.
These tests were conducted at this location for two reasons. First, it allowed for a
significant distance between the test location and the location of local owners of the
same radio frequency (138.925 Mhz). To further minimize interference, all tests were
run using a 50-ohm dummy load as the antenna in an effort to reduce radiated signal
strength. The second reason relates to safety. The potentially dangerous nature of fire
testing rannot be done at the scale required in laboratory conditions. ARA's outdoor
test site is suited for hazardous testing. Figures B-1 and B-2 show the locatior: of the
test site.

A structure in which the tests were conducted was constructed at the test site,
with a geometry resembling the cross-sectional shape of a C-130 aircraft. The length,
however, is approximately one-third (16 ft) that of the aircraft. Figures B-3, B-4, and
B-5 show this structure.

The test plan is found in Annex A.
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Figure B-4. Side View of Structure with Instrumentation Van

Figure B-5. Live Smoke/Fire Test Structure
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4.0 [INSTRUMENTATION

The performance of the remote Tx/Rx and the central Tx/Rx were the focus of
any individual test. The remote unit is subjected to some kind of stimulus and then
transmits a message to the central unit. In each case, this requires operation of the RF
link. To independently verify the test environment, various instruments were used to
capture the data.

The instrumentation used included:

smoke density/obscuration detectors,
thermocouples,

duration trigger box,

stopwatch,

digital recorders,

video,

black and white still photography,

IR photography,

voltmeters,

portabie radio scanner.

For the Smoke and Live Fire tests, smoke density was measured and converted
into percent obscuration per foot. This is the standard to indicate sensitivity of
commercial smoke detectors (referance: UL 268 "Smoke Detectors for Fire Protective
Signaling Systems”). The main components of a smoke obscuration detector are a
lamp with a power supply and a photocell with signal conditioning. These components
are mounted to a structure which separates the lamp and photocell by exactly five feet.
During operation, with the lamp on, an amperage is created in the photocell and
converted to an analog voltage output by the signal conditioner (Figures B-6 through
B-9 show the device used).

As smoke passes between the lamp and photocell, the amperage created by the
photocell decreases. At any distance, the percent obscuration per foot can be
calculated by:

Ve D
S.O= | =fi == |1OO
Vi J

where: S.0. is percent obscuration per foot,
V_ is voltage reading with smoke,
V, is voltage reading in clean air,
D'is distance between lamp and photocell.
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Figure B-7. Detector - Side View
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Figure B-9. Detector - Lamp and Power Supply
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Fast response thermocouples were used to monitor temperature during the Heat
and Live Fire tests. The current generated by the thermocciple was cenditioned by a
digital pyrometer. The pyrometer used the thermocouple output, referenced it to 32°F,
linearized and amplified the signal, then output a 0 to 5 volt D signal. The pyrometer
also has a 4 digit dispiay to observe the temperature in real time.

Time reference for the Smoke and Live Fire tests was generated by a hand-
held, 9 volt trigger box. As the smoke began or the fire set, the box was manually
activated. This created a time reference for the recorders and also initiated recording of
smoke obscuration and temperature signals. When the alarm was generated by the
AFS unit, the trigger was deactivated, which sent another time reference signal to the
recorders. A hand-held stopwatch was used as a back-up and during manual and heat
testing.

Recording of data during the Smoke and Live Fire tests was achieved by stand-
alone Digistar Il digital recorders. Manually monitoning voltmeters and the digital
pyrometers, and documenting values at critical times was also performed.

Photodocumentation of the tests was accomplished with a color VHS video
camera, a 35 mm SLR camera with black and white film, and 35 mm photography using
infrared film and filters, during the lLive Fire tests. The tripod-mounted infra-red
photography was focused in the direction of the BT2-3 unit during these tests.

As a backup, a portable radio scanner preset to 138.925 Mhz was used to pick
up alarm signals in the event the central Tx/Rx did not.
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5.0 TESTRESULTS

A total of 25 separate functional performance tests on the AFS system were
successfully conducted during November 1991. Three 60-Hour Operational, two
Manual Alarm, five Heat and fifteen Live Fire/Smoke tests were conducted. Of the last
fitteen tests, eleven tests used a commercial smoke generator as a smoke source and
four were live fires. The AFS system passed all tests as described in the Task 2 -
Prototype System Test Plan. The detailed resuits of the tests are described below. The
completed test records used from the test plan are in Annex B.

For all tests, the BT2-3 was fully charged and powered by its internal batteries.
The antenna systems used were 50 ohm dummy loads. The distance between the
remote and central units was never more than 30 feet.

Some intermittent operation of the central Tx/Rx was experienced during a few
of the tests. The central unit on occasion would not accept BT2-3 signals. Most of the
problems were traced to the receiving module in the central Tx/Rx. No test was
conducted until the RF link was established. This usually involved using the central
Tx/Rx to interrogate the BT2-3 for its status. When the BT2-5 unit responded promptly
with the correct message, the test was conducted.

The portable DC power supply for the central Tx/Rx was never used, as it never
fully charged to 12 volts and would not transmit on cool days at the test site. it is
believed that the rechargeable battery in the power supply might have outlived its
usefuiness. The central Tx/Rx (D-500 Plus) and its power supply were on loan to this
project from Tyndall AFB.

5.1  60-Hour Operational Tests

Three 60-Hour Tests were conducted to fulfill the requirement that the
BT2-3 couid still transmit alarm messages after operating vor 60 hours under its own
internal battery power.

The first test was carried out under normal indoor ambient conditions of
72°F, and low humidity. Transmission was successful after 60 hours. Battery voltage
measured 11.58 VDC at this time, and the "low batt" LED was on. The test was
continued, and thie last good transmission was made at 68 hours.

The second test was carried out under the same environmental
conditions as the first test. its objective was to corroborate the resuits of the first test.
The transmission was successfully completed at 60 hours. Eattery voitage was
measured to be 11.45 VDC.

During the third 60-Hour Test, the BT2-3 was nlaced in refrigerated

conditions which averaged 33°F for the entire test period. 1he unit responded to
central Tx/Rx interrogations through the GC hour period and ultimately ran for
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73.5 hours. Battery voltage as this point measured 7.79 VDC. The "low batt" LED
appeared at the 45-hour mark.

5.2 Manual Alarm Tests

The objective of the manual alarm tests was to verify performznce of the
manual alarm handle modification on the BT2-3.

Two separate tests were conducted, each with multiple pulls of the
manual alarm handle. Each time the handle was pulled, an alarm message was
received at the central Tx/Rx. When the handle was returned to its normal position, an
“all normal" message was received at the central Tx/Rx. The average elapsed time
between activation and alarm message at the central Tx/Rx was 6 seconds.

5.3 Heat Tests

The objective of the heat tests was to test the BT2-3 heat sensor's ability
to detect an overheating condition in its vicinity and send an alarm message o the
central TX/Rx. The heat sensor was rated at 135°F and an integral part of a commercial
smoke/heat detector. For all heat tests, a fast response thermocouple with digital
readout was used to independently monitor the temperature. The thermocouple was
attached to the front face of the heat sensor. Pictures of the test setup are found in
Annex D.

The first heat test used a cigarette lighter to slowly apply heat to the
sensor until alarm. After 69 seconds, the temperature increased from 73°F to 166°F.
The strobe and audible hom activated, and the alarm message was received at the
central TX/Rx. _

The second test again used a cigarette lighter as the heat source.
Temperature increase was from 69°F to 120°F over a period of 53 seconds. The
correct alarm message was received at the central Tx/Rx.

For the third heat test, the sensor was subjectod to a different type of
heat source - a portable radiant electric heater. During the chackout of the heater to
see if i¢ could raise the temperature to acceptable levels, the plastic case of the
smoke/heat detector started to melt and slightly deformed. This occurred as the
temperature was heing increased to about 120°F ovc o period of 90 seconds. The
detector was verified stili fully operational by tnggerinc both the heat and smoke
detectors, and monitoring the central Tx/Rx for the correct message. A heat shield was
then fabricated from 1/8-inch cardboard covered with aluminum foil to protect ihe
smoke/heat detector casing from any additional damage during testing. During the
further tests, the temperature was incrzased from 71°F to 200°F over a penod of 139
seconds before the unit alarmed.

The fourth used the portable heaier, but two thenmocounies were
installed to monitor temperature at the sensor - one on the front face and the other on -
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the back face. Temperatures increased from 81°F to 200°F (front) and 209°F (back)
over 106 seconds. At this time, the unit went into alarm, and the message was
received at the central T/Rx.

The final heat test used the heater to apply a constant 135°F temperature
over a long period of time to see if the sensor would trigger at its 135°F rating.
Temperature ranged between 135°F and 145°F for 5 minutes without the unit going into
alarm. Another minute elapsed as the temperature was increased to 165°F before an
alarm message was sent. During this test, the plastic base plate for the strobe
deformed. It was not protected with a heat shield similar to the smoke/heat detector.
However, the strobe remained operational.

A performance characteristic was noted that the strobe and horm would
not deactivate until the heat sensor had cooled off or the entire BT2-3 was powered
down.

5.4 Smokel/Live Fire Tests

The final tests were the smokellive fire tests. These tests were
conducted inside a test structure described in Section 3.0. Multiple tests were run,
changing the height of the BT2-3 to determine where the BT2-3 is most effective. The
four heights were at floor level, three feet, six feet, and ceiling level. The smoke/fire
source was always in the same location, on the fiocr against the wall opposite the
BT2-3. Additional instrumentation used to measure the environment were smoke
obscuration detectors, thermocouples, a timing system, video and IR photography as
described in Section 4.0 Layout of the equipment in the structure and their relative
placement to each other for each test is shown in Figure B-10.

The tests were divided into two categories - smoke and live fire. Eleven
smoke tests using smoke generators were conducted prior to the live fire tests to
exercise the AFS and to evaluate the test equipment. For these tests, one smoke
obscuration detector system was placed near the smoke source in an effort to quantify
the smoke source. The other obscuration detector was positioned 10 inches from the
BT2-3 to quantify smoke density during the course of a test. These measurements
were digitally recorded during the test. The obscuration measurements near the source
provided interesting data, but this data was not used o gauge the BT2-3 performance.
No useful data was gathered by this detector during the live fire tests, as the photocell
would overrange when exposed to flames at this close proximity. The temperature
measuring system and IR photography were not used due to lack of 2 hizat scurce.

The commercially produced smoke generators were used as smoke
sources for all the smoke tests. These generators are advertised to produce 4000 cu.
ft. of grey-white smoke which is 10 times denser than smoke from burning crude oil,
over a period of 30 seconds. There was no 300t or residue on any test apparatus after
atest. As ittums out, based on analysis of the test results which will be discussed later,
it was concluded that the smoke generators did not provide a valid source and hence
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Figure B-10. Equipment Layout in Structure
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the results could not be generalized to real fires. These smoke tests are still of value to
evaluate the functionality and repeatability of the system components.

Test 1 (Smoke Test 1): BT2-3 was placed at 3 feet above floor level.
Ambient temperature was 45°F. This test was essentially conducted as a dry run to
debug all hardware and software. Time to alarm was 81 seconds after smoke
generation began. Hand-recorded values indicate 10.3% obscuration per foot at the
BT2-3 at the time of alarm. No digital/graphical records were obtained at the time of
alarm because the recorders were programmed with a too-short duration. The
recorders' sampling time were extended for subsequent tests. The AFS did operate
properly, and the correct alarm message was received at the central T/Rx.

Test 2 (Smoke Test 2): BT2-3 was placed at 3 feet above floor level.
Ambient temperature was 45°F. Time to alarm was 89 seconds. Again, the recorders
did not capture all of the daia. Software changes were made to increase the sampling
rate to 10 times orginal value. Hand-recorded values indicate 3.7% per foot smoke
obscuration at the BT2-3 at the time of alarm. AFS operated properly via RF link.

Test 3 (Smoke Test 3): BT2-3 was placed at 3 feet above floor level.
Ambient temperature was 61°F. Time to alarm was 119 seconds. Smoke obscuration
at the BT2-3 at the time of alarm was measured at 4.6% per foot (see Figure B-11).
The RF link worked correctly.

Test 4 (Smoke Test 4): BT2-3 was placed at 3 feet above floor level.
Ambient temperature was 66°F. Time to alarm was 124 seconds. Obscuration levels
measured at the BT2-3 at the time of alarm were 6.5% per foot (see Figure B-12) and
the correct alarm message was received.

Test 5 (Smoke Test 5): BT2-3 was placed at 6 feet above floor level.
Ambient temperature was 65°F. Time to alarm was 121 seconds. Obscuration near
the BT2-3 measured 8.7% per foot at the time of alarm (see Figure B-13). The correct
message was received at the central TxX/Rx.

Test 6 (Smoke Test 6): BT2-3 was placed at 6 feet above floor level.
Ambient temperature was 68°F. The alarm went off at 170 seconds. Smoke
obscuration was measured to be 7.9% per foot at the time of alarm (see Figure B-14).
A maximum obscuration of 17.7% was reached 76 seconds prior to alarm before
dropping off. The smoke detector on the BT2-3 took 50 seconds longer to react than
the previous test at the same height. The correct alarm message was received at the
central TX/Rx.

Test 7 (Smoke Test 7): BT2-3 was placed on the floor. Ambient
temperature was 67°F. Time to alarm was 177 seconds. Smoke obscuration at the
BTZ-3 was measured at 0.7% per foot at the time of alarm (see Figure B-15). The
correct alarm message was received at the central Tx/Rx via RF link.
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Test 8 (Smoke Test 8): BT2-3 was placed on the floor. Ambient
temperature was 67°F. Time to alarm was 223 seconds. Obscuration levels at the
BT2-3 were 0.8% at the time of alarm (see Figure B-16). RF link operated properly.

Post test it was discovered that smoke was emanating from inside the
BT2-3 unit. When opened, charred battery wiring was found. During this test, the
wiring overheated and bumed off its insulating jacket. It is suspected that prolonged
simultaneous operation (150 seconds or more) of the strobe, audible hom and
transmitter drew too much current through the UL 1007, 22 gauge wir2. Before further
testing, the damaged wire was replaced with a 16-gauge, Type E, 200°C high-
temperature wire. This problem was not re-encountered after the repair.

Test 9 (Smoke Test 9): BT2-3 was placed at ceiling height, 9.5 feet
above floor level. Ambient temperature was 44°F. Time to alarm was 39 seconds.
Problems with one of the digital recorders resulted in no data for obscuration near the
BT2-3. However, hand recorded values indicate levels of 42% obscuration per foot
near the BT2-3 at the time of alarm. The correct alarm message was received at the
central TX/Rx.

Test 10 (Smoke Test 10): BT2-3 was placed at ceiling height, 9.5 feet
above floor level. Ambient temperature was 45°F. Time to alarm was 35 seconds.
Hand recorded data indicates 22.5% per foot obscuration at the BT2-3 at the time of
alarm. The alarm message was received at the central TxX/Rx via RF link.

Test 11 (Smoke Test 11): B72-3 was placed at ceiling height, 9.5 feet
above floor level. Ambient temperature was 45°F. Time to alarm was 53 seconds.
Smoke obscuration was recorded and calculated to be 39% per foot near the BT2-3 at
the time of alarm (see Figure B-17). The correct alarm message was received at the
central TX/RXx.

The fuel source for live fire testing consisted of materials that would
simulate materials which could be found in an aircraft cargo bay. Strips of mattress
padding had kerosene and motor oil poured over them. As the mixture was lit, the
kerosene readily ignited the padding, producing flame while the burning oil produced
smoke. ldentical quantities of each matenal were used for all live fire tests.

In addition to the timing and smoke obscuration instrumentation used
during the previous smoke testing, three separate temperature measurements were
also recorded at three different locations during the live fire testing - one near the fire
source, one near the BT2-3, and the third centered between thie first two. Only very
small temperature increases were seen on the middle temperature sensor.
Temperature records for the sensor near the fire source ranged between 98°F and
441°F depending on whether the flames came into contact with the thermocoupie.
Average temperature of the environment near the fire was 171°F. The most applicable
temperature data was gathered near the BT2-3. These are of interest in determining
which detector on the BT2-3 (smoke or heat) triggered the alarm. Results of the IR
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photography indicate IR levels so low in the vicinity of the AFS unit that no useful
information was collected by this method.

Test 12 (Fire Test 1): BT2-3 was placed at ceiling height, 9.5 feet above
floor level. Ambient temperature was 42°F. Time to alarm was 13 seconds. Smoke
obscuration at the BT2-3 measured 2.6% per foot at the time of alarm. Temperature
near the BT2-3 over the Time to alarm increased from 42°F to 82°F (see Figures B-18
and B-19). The correct alarm message was received at the central TXRXx.

Test 13 (Fire Test 2): BT2-3 was placed at 6 feet above floor level.
Ambient temperature was 42°F. Time to alarm was 23 seconds. Values of smoke
obscuratior: at the BT2-3 were 1.5% per foot (hand recorded). Temperature near the
BT2-3 reached 78°F (see Figures B-20 and B-21). Alarm message was received at the
central TWRX.

Test 14 (Fire Test 3): BT2-3 was placed 3 feet above floor level.
Ambient temperature was 42°F. Time to alarm was 72 seconds. Obscuration levels of
3.0% per foot (hand recorded) and 3.8% per foot (digitally recorded) were measured at
the BT2-3 at the time of alarm. Temperature near the BTz-3 rose to 63°F (see Figures
B-22 and B-23). The correct alarm message at the central Tx/Rx was received via RF
link.

Test 15 (Fire Test 4): BT2-3 was placed at floor level. Ambient
temperature was 42°F. Time to alarm was 137 seconds. Smoke obscuration at the
BT2-3 was measured to be 6.5% per foot (hand recorded) and 6.1% per foot (digitally
recorded) at the time of alarm. Temperature near the remote Tx/Rx rose to 57°F (see
Figures B-24 and B-25). The alarm message was received at the central Tx/Rx.

The live testing indicates a quicker system response to real fires versus the
simulated smoke-only sources. This could be the result of the fire causing the air to
circulate inside the structure and essentially force smoke onto the detector. Smoke
particle size is another factor. Live fires resulted in a coating of soot. The commercial
smoke generators left no noticeable residue; thus, it is reasonable to suspect that the
smoke detector took longer to react te the generators smoke particle size.

A graph showing response time ard obscuration versus AFS height for the live
fire testing is shown in Figure B-26. This graph shows the importance of keeping the
AFS at a high location inside the cargo bay. System response time is quicker at
approximately «iv. feet arid above, and measured smoke density levels are decreased.

All of the digitally recorded data can be found in Annex C.

Photographs of AFS hardware and the layout of equipment during selected tests
can be found in Annex D.
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TIME TO ALARM (s)

TASK 2 - LIVE FIRE TESTS

1500 TEST 15
/_ SMOKE OBSCURATION = 6.1 Z PER FT.

TEST 14
/ $.0. = 3.8 % PER F.

TEST 13
5.0. = 1.5 X PER FT.

TEST 12
‘: 2.6 % PER FT.

O I i |
0 3 6 9.9

(@)
O
|

n
O
|

AFS HEIGHT  (f1.)

Figure B-26. Response Time and Obscuration vs. Height - Fire Tests
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6.0 CONCLUSIONS

This design of the current AFS concept hardware has passed all tests required
to demonstrate functional operation. The BT2-3 never failed to detect fire or smoke
stimulus or notify the central Tx/Rx.

The live testing indicates a quicker system response to real fires versus the
simulated smoke-only sources. Possible causes were discussed in Section 5.4.
Because the smoke generators are not a good simulation of the smoke of actual fires,
they will not be used duning any additional performance testing of the AFS system.

Based on temperature records of the thermocouple placed near the BT2-3, the
smoke detector triggered the alarm each time duning the live fires.

Response times show that the best location for the BT2-3 is as high as possible.
This creates, however, a couple of operational problems. When positioned high, the
unit cannot be reached without a stepladder, which makes it difficult to monitor or to use
the manual pull if required.

The system will operate on DC power, unattended for at least 80 hours in the
modified four-battery configuration. The batteries must be verified fully charged (12 V+)
prior to a 60 hour anticipated use. Verification of operation below 32°F or above 80°F
was not conducted.

The manual pull stationn operated properly, however, it cannot be reached
without a stepladder when the AFS unit is at ceiling height.

The heat sensor tests show that the unit will alarm when exposed to a heat-only
source. However, it was observed during testing that the heat sensor triggered at an
average temperature of 176°F during the testing and not at its rated 135°F.

The strobe operated during each alarm condition, but was obscured by smoke
during many of the smoke tests and could not be seen at a distance of twelve feet.

The audible horn operated as expected every time.
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7.0 COST OF THE CURRENT AFS CONCEPT CONFIGURATION

The production cost of the AFS discussed in this report in terms of hardware and
assembly labor is as follows:

remote TX/Rx - Monaco BT2-3 $2,799.00
- Modification hardware 397.00
- Modification labor, bench test, shipping 1,000.00
$4,196.00 / unit
central T/Rx - with operating software $20,000.00
and DC power supply
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8.0 RECOMMENDATIONS AND PROTOTYPE DESCRIPTION

Future AFS designs would benefit from the additional technical and operational
recommendations. All of the comments pertain to the small scale remote Tx/Rx (BT2-3)
unit and were formulated as a direct result of the test series described in previous
sections of this report.

The AFS prototype should have the same operating principles as the Task 2
model. It will transmit alarm messages to a central TxRx by a VHF radio frequency
signal as a result of any of its detectors sersing a smoke or fire condition. An audible
alarm will sound and a strobe will flash on the aircraft in trouble.

There are two main issues which are the foundation of the majority of the
changes for the prototype. First, the ideal location for the remote unit is as high as
possible inside the cargo bay. In all cases, this puts the unit out of normal reach which
makes it difficuit to monitor or access during installation or in the event of an
emergei.cy. A solution is to place the BT2-3 (or similar prototype) unit at about 6.5 feet
above the floor and sample the environment near the ceiling by means of an extended
o tethered device. Options for this are presented in a features list below. The second
issue that substantially reconfigures the remote unit is the location of the strobe and
horn. It will be more effective to have these two items located outside the aircraft along
with the antenna. This will aid the fire department or flight line personnel in finding the
aircraft on fire and insure unobstructed VHF communications.

One change that would be particularly helpful to the person installing the system
and the responding base fire department is the addition of zone switches on the outside
of the box. This arrangement will allow the installer to address the location (zone) of the
AFS unit by reference to the tail number of the aircraft in which it is placed.

The exterior of the box should be free from as many protruding components as
possible. This will reduce the possibility of damage to these components during
handling.

The overall size, shape, and weight may increase from the BT2-3 somewhat due
to the new configuration of components associated with the remote unit.

The recommended features of the prototype AFS include:

e an appropriately sized, environmentally tight enclosure,

« similar electronics boards and transmitter/receiver modules as the
small scale design (BT2-3),

o same operating frequency as small scale design (Tyndall =
138.925 Mhz),

e modular interior construction. Easy access removal and replacement
of components. Possible card cage/edge connector arrangement,

¢« 10" x 10" x 4" space allocated for machine vision flame detection
system. Although machine vision is still under development and will
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not be installed, a UV flame detector will be used as a simulaicr. Cut
one hole in a selected side of the enclosure and install an apprcpr.ote
glass lens,

¢ a manual pull station,

¢ an exterior mounted master switch with a complete unit reset function,

o three exterior LED's to monitor. a) power on/off, b) low battery, and
c) tamper/trouble,

o exterior switches for unit addressing,

¢ an AC recharging receptacle,

e 60 hour back-up battery capability with the possibility of a
removable/rechargeable battery power pack,

¢ hook/strap type hardware for mounting the unit inside the aircraft,

¢ homn, strobe, and antenna assembly that will be easily mounted on the
exterior of the aircraft and connected to the remote unit with cable
(pre-wired plug in assemblies),

o smoke detection capability to sample air from one to fifteen feet from
the remote unit. Options may include: a) "beam" detector system
utilizing a telescoping assembly that can extend the emitter or receiver
away from the box, b) separate photoelectric or fixed separation beam
detector which could be hung at any height and connected to the
remote unit with cable (pre-wired plug in assemblies),

¢ acompatible storage box for the remote assembly's loose components
(i.e., smoke detector, hom/strobe, antenna, cabling).

All hardware inside the BT2-3 (or similar) unit should be secured so that nothing

rattles or moves during handling. Commercial equipment will be used that has a
standard environmental operating range of 32°F to 100°F.

98



APPENDIX B

ANNEX A
TASK 2 - TEST PLAN
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1.0 INTRODUCTION

1.1

1.2

1.3

1.4

SCOPE

This test plan shall be used to demonstrate the operation of the "small-scale
breadboard" design of the Aircraft Fire Sentry (AFS) system.

OBJECTIVES

The objectives of the testing are: (1) to demonstrate the AFS system’s ability to
detect fires using smoke and heat dstectors only; (2) determination of the
optimal placement of the system, with respect to height above floor level in the
(simulated) aircraft; (3) determination of the estimated time between fire/smoke
initiation, detection, and notification of a remote receiver station, for a limited
set of test conditions; and, (4) to verify correct operation of the AFS
components, especially the system’s ability to notify the fire department (the
central transmitter/receiver) via an RF link.

APPLICABLE DOCUMENTS

Monaco Enterprises, Inc. Installation, Operation and Maintenance Manuals for
the D-500 Plus Advanced Wireless Information Management Alarm Receiving
and Reporting System, and the Monaco BT2-3 Building Transceiver.

Aircraft Fire Sentry Statement of Work (SSG 3.14.1).

TYPES OF TESTS
Four different types of tests shall be performed:

60-Hour Operational Test,
Manual Pull Station Test,
Heat Detection Test,

Live Fire/Smoke Test.

pooe
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1.5 FACILITIES

The 60-Hour, Manual Pull, and Heat Detection tests will be conducted r: a
laboratory at Applied Research Asscciates, Inc.'s Lakewood, Colorado office.

ARA has constructed a temporary test structure at its remote test facility, which :
is approximately 30 miles east of the Denver Metro area. Live fire and smoke
testing will be conducted at this location.

1.6 AIRCRAFT F!RE SENTRY (AFS) COMPONENTS

The AFS system essentially consists of a remote transmitter/receiver station
which has baen modified to include a heat/smoke detector, manual pull station
and strobe. This unit would be placed inside of parked cargo aircraft. It will be
referred to as the Remote Tx/Rx, or RTR in this test plan. It will be
communicating its status by radio frequency link to a central
transmitter/receiver station. This later unit would generally be located at the
base fire department. In this test plan, it will be referred to as the Central
Tx/Rx, or CTR.

The Remote Tx/Rx basic unit is a Monaco BT2-3. The Central Tx/Rx is a
Monaco D-500 Plus. All tests conducted under this test plan will be carried out
using 50 Ohm dummy load antennas in place of the BSA-1 VHF
Omnidirectional Antenna Assembly.

During all testing, the AFS Remote Tx/Rx will be operating on its own internal
battery power. Battery voltage will be checked after each test and recharged

as necessary.
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2.0 TLEST DESCRIPTIONS

2.1

2.2

60-HOUR OPERATIONAL TEST

The objective of this test is to verify the requirement that the AFS system must
be capable of continuous stand-alone operation for a minimum of 60 hours.

The unit under test will operate on its own internal battery power for the
duration of this test. The batteries will be verified fully charged at the beginning
of the test and will not be recharged until the test is over.

Instrumentation required:

a. AFS F.emote Tx/Rx
b. AFS Central Tx/Rx
c. 35mm camera

d. Voltmeter

Outline of test procedure:

1. The 35 mm camera will be used to photo-document the event.

2. Verify the batteries in the RTR unit are fully charged with voltmeter.

3. Verify the RF communication link between the RTR and the CTR
stations by pulling the manual alarm handle and monitoring the CTR
response. :

4. Record time, date, and ambient temperature at the beginning of the
test.

5. Leave unit on, under battery power for €0 hours.

6. Record time, date and system responses at the 60-hour mark.

7. Verify duration of operation.

If battery power still checks good, continue test Steps 5§ and 6 to determine
ultimate duration for the given test conditions (ambient temperature). Check
unit every two hours when practical. Recharge and repeat 60-hour test one
time.

MANUAL ALARM TEST

The objectives of this particular test are to check operation of the manual pull
station modification to the AFS unit and verify the system'’s ability to notify the
CTR via the RF link.

For this test, all equipment will be powered up, at which time the RTR will be

interrogated for its ctatus by the CTR station. This will verify the communication
ink. Then, the manual pull handle will be activated and the CTR receiver
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monitored for the correct alarm message. A stopwatch will be used to
determine elapsed time from pull to receiver notification. The handle will then
be returned to its ‘normal" position. The CTR station will be monitored for the
"all normal" signal to be sent.

Instrumentation required:

AFS Reniote Tx/Rx
AFS Central Tx/Rx
35 mm camera
stopwatch

video camera

Pa0pop

Outline of test procedure:

Photo-document event components.

Power up the AFS system components.

Using CTR station, interrogate the Remote unit to verify
communication.

Activate manual pull handle.

Document response from CTR.

Measure response time.

Restore handle to normal position.

Document response from CTR.

€3 (o

N O A

Repeat test 2 times.

2.3 HEAT TEST

This test is designed to verify the AFS system'’s ability tc sense an overheating
condition due to a fire, and then transmit the proper alarm message via the RF

link.

For this test, the Remote Tx/Rx will be subjected to a non-smoking, radiating
heat source. The temperature shall be increased until the heat sensor triggers
the alarm and transmits its message. A temperature thermocouple will be
mounted to the face of the detector to measure the temperature of the
environment. The instalied heat sensor is rated to trigger an alarm at 135°F.

Instrumentation required: .

AFS Remote Tx/Rx

AFS Central Tx/Rx .
Radiating heat source :
Temperature probe

35 mm camera

Video

Toaoop
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2.4

Cutline of test procedure:

1.
2.
3.
4.
5.
6.
s
8.

Let tha detector cool, reset all equipment, and repeat the test.

Photo-document test setup and equipment with the 23 mm camera.
Verify the Remote and Central Tx/Rx stations are powered up and
operational.

Verify the RF comrmunication link between the two.

Video record the test event.

Record initial temperature of environmant before heat is applied.
Slowly apply heat source {o the detector until strobe turns on and
alarm message is sent.

Record temperature and remove heat source.

Verify Central Tx/Rx has received the correct alarm message.

LIVE FIRE/SMOKE TEST

The objectives for these tests are to demonstrate the operation of the AFS
system under actual live fire/smoke conditions. These tests shall demonstrate
the system’s ability to detect and report fires using smoke and heat detectors
only, aid in the determination of the optimal placement of the system in an
aircraft, and provide data as to the expected elapsed time between fire
detection and fire reporting.

A minimum of eight separate tests will be conducted. The eight will be divided
intc two groups of four. The first group will test the AFS system against non-
heat-producing smoke sources. The second group will test the AFS system
under real fire conditions. Tests 1 through 4 of each group will have the AFS
Remote Tx/Rx placed at a different height with respect to floor level. One test
will be conductad at floor level, one at three feet, one at six feet, and one at the
ceiling which is approximately ten feet above floor level. The fire/smoke source
will be ignited in a steel tray which is against the opposite wall from the AFS
unit. Horizontal distance between walls wili be twelve feet.

Commercial smoke generators will be used during smoke tests. When lit, each
generator produces 4000 cubic feet of grey/white smoke in approximately 30
seconds.

Live fires will be ignited using a combination of kerosene, motor oil, and fabric
padding. These materials wouid simulate a typical potential fire hazard in a
cargo bay.

Smoke density measurements will be taken which will be converted to percer}t
obscuration per foot. One measurement near the live fire/smoke source will
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quantify output near the source. Another measurement will monitor the smoke
near the AFS Remote Tx/Rx.

Three temperature sensors will also monitor the environment during live fire
tests. One temperature thermocouple will be placed near the source, one on
the face of the AFS heat detector, and one on line of sight centered between
the two. The heat detector should go into alarm when 135°F is reached at its
sensor. A heat only test is carried out as its own unique test and described in

Section 2.3.

All smoke density and temperature measurements will be recorded by
Digistar Il digital recording equipment. Time duration of each test, from ignition
to alarm, will also be recorded.

A 35 mm camera will be used pre-test for photo documentation. A video
camera will be used to record each test. During the live fire tests, a 35 mm
SLR camera with IR film will be used to take pictures around the AFS Rernote

Tx/Rx.
Instrumentation required:

AFS Remote Tx/Rx

AFS Central Tx/Rx station

Smoke density measurement systems
Temperature measurement systems
Data recording equipment

35 mm camera

35 mm camera (IR film)

Video camera

Smoke generators

Self-contained breathing apparatus (SCBA)
Heat source

xT T T@ e 00w

Qutline of test procedure:

Photo-document test setup with 35 mm camera.

Verify all battery powered equipment is fully charged and operational.

Verify all AC powered squipment is operational.

Verify RF communication link is established between AFS Remote and

Central stations.

Verify IR and video cameras are ready. :
Verify SCBA and fire extinguishers are ready.

Start video.

Document all initial data parameters. .
Ignite fuel/smoke source.

Begin test data recorders.

11. Let test run until alarm condition.

12. Turn off data recorders.

hPOPN~
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13. Extinguish fire/evacuate smoke.
14. When clear, reset ail equipment and configure for next test.
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3.0 TEST DATA RECORDS

The following data sheets shall be used t record data taken during the testing
of the Aircraft Fire Sentry System.
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3.1 60-HOUR OPERATIONAL. TEST RECORD

Date:
Time:

Test Operator:

Others present to participate in, or witness test:

Test Location:

1. Photo-document.
2. \Verify batteries charged.
3. Verify operation and RF link.
4. Record time, date, and temperature at beginning of test.
5. Operate for 60 hours.
©. Record time and date, verify 60 hour operation.
7. Record total operating time (if applicable).
Test notes:
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3.2 MANUAL ALARM TEST RECORD

Date:
Time:

Test Operator:
Others present to participate in, or witness test:

Test Location:

1.  Photo-document.

2. Power up components.

3. Interrogation status of Remote Tx/Rx by CTR.
4,  Activate handle.

5. Document response by the CTR.

6. Record response time.

7. Restore handle to normal.

8. Document response by the CTR.

Test notes:
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3.3 HEAT TEST RECORD

Date:
Time:

Test Operator:
Others present to participate in, or witness test:

Test Location:

1. Photo-document.

Verify Remote and Central Tx/Rx operational.

w P

Verify RF link.

4.  Turn on video system.

5. Record temperature.

6. Apply heat source.

7.  Note temperature at alarm initiation.

8. Check Central Tx/Fx for correct message.

Test notes:
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3.4 LIVE FIRE/SMOKE TEST RECORD

Date:
Time:
Test Operator:
Others present to participate in, or witness test:

Test Location:
Live Test Number:
Fire/Smoke Source:
AFS height above fioor:

1.  Photo-document configuration.
2. Verify all batteries charged and equipment operational.
3

Verify all AC equipment operational.

>

Verify RF link.
5.  Verify IR and video cameras ready.
6. Verify SCBA and fire extinguishers ready.
7. Begin IR and video cameras.
8. Document initial instrumentation data parameters.
9. Ignite fuel source.
10.  Trigger data recorders.
11.  Wait for alarm.
12.  Shut off recorders.
13.  Extinguish fire/evacuate smoke.
14.  Reset equipment and reconfigure.

Test notes:
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APPENDIX B
ANNEX B
This annex contains the test records that are a part of the test plan. There is 3

completed test record for each one of the 25 separate functional tests of the AFS
system.
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3.1 60-HOUR OPERATIONAL TEST RECORD

Date: 11-01-91
Time: 8:00pm

Test Operator:_Robert Mugele
Others preser” *~ participate in, or witness test:

None

Test Location: _Applied Research Associates, Inc. RMD office

1. Photo-document. X
2. Verify batteries charged. X 128VDC
3. Verify operation and RF link. X
4. Record time, date, and temperature at beginning of test. _X__ 72°F
5. Operate for 60 hours. X
6. Record time and date, verify 60 hour operation. X _11-04-91
8:00 am
7. Record total operating time (if applicable). See Note 7
Test notes:
1. RF link verified 3 ways:
a. BT2-3 Self-test
b. Manual pull station
¢. D-500 interrogation
2. Low bat LED was on at 60 hours. Voltage measured 11.58 VDC.
3. RF link was still operational at 60 hours, so test was continued to
determine ultimate duration. The unit was checked every 2 hours after 60
for the remainder of the workday (11-04-91).
4. The last good check of the system occurred at 4:.00 pm on 11-04-91.
5. The system was not responding at 9:00 am on 11-05-91 under any type
of self test or interrogation. Battery voltage was measured at 6.95 VDC.
6. The test was successfully completed at 60 hours, conducted under
ambient conditions of 70°F.
7. Ultimate duration of the batteries was between 68 and 83 hours at 70°F.
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3.1 60-HOUR OPERATIONAL TEST RECORD

Date: 11-15-91
Time: 8:00 pm

Test Operator:_Robert Mugele
Others present to participate in, or witness test:

None

Test Location: _Applied Research Associates, Inc. RMD office

1.  Photo-document. X
2. Verify batteries charged. 12.84 _X 12.81
before power up after
3. Verify operation and RF link. X
4. Record time, date, and temperature at beginning of test. __X_73.8°F
5. Operate for 60 hours. X
6. Record time and date, verify 60 hour operation. X 11-18-91
8:00 a.m.
68.4°F
7. Record total operating time (if applicable). See Note 3
Test notes:
1. The modem in the CTR was operating intermittantly, but eventually began
working reliably later in the evening. Remote unit signals were verified by
a portable scanner and the CTR.
2. The testis successfully completed at 60 hours. Battery voitage is
measured at 11.45 VDC.
3. Ultimate duration will not be determined this time in order to recharge and

prepare for next tests.
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3.1 60-HOUR OPERATIONAL TEST RECORD

Date: 11-26-91
Time: 2:30 pm

Test Operator:_Robert Mugele
Cthers present to participate in, or witness test:

_None

Test Location: _Applied Research Associates, Inc. RMD office

1.  Photo-document. None taken

2. Verily batteries charged. . X _12.8VDC

3. Verify operation and RF link. X

4. Record time, date, and temperature at beginning of test. __X_ 11-26-91

2:30 pm, 33°F

5.  Operate for 60 hours. X

6. Record time and date, verify 60 hour operation. X _11-29-91
2:30 am
60 hrs.

7.  Record total operating time (if applicable). X 11-29-91
4:00 pm
73.5 hrs.

Test notes:
1. AFS remote unit successfully operated for the 80 hours at refrigerated
conditions of between 32° and 35°F.

2. ‘*Low batt" message first appeared at 45 hours - Batt = 11.74 VDC.

3. Battery voltage at 55 hours was 11.4 VDC.

4. The test ultimately went to 73.5 hours and was still responding although

battery power was getting quite low —- 7.79 VDC.
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3.2 MANUAL ALARM TEST RECORD

Date: 11-18-91
Time: 11:30 am

Test Operator:_Robert Mugele
Others present to participate in, or witness test:

None

Test Location: _Applied Research Associates. Inc. RMD office

1. Photo-document. X

2. Power up components. X

3. Interrogation status of Remote Tx/Rx by CTR. X

4.  Activate handle. X

5. Document response by the CTR. X

6. Record response time. X

7. Restore handle to normal. X

8. Document response by the CTR. X

Test notes:

1. Batteries have been on charge all night and measure approximately
12 VDC.

2. Self test good, CTR interrogation good - RF link OK.

3. Test done 3 times with consecutive good resuits. Alarm and normal
messages have come through correctly. Average time between handie
pull and screen message/alarm about 6 seconds.

4. Manual pull modification to remote Tx/Rx is operational.

5. Video record of this test.
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- 3.2 MANUAL ALARM TEST RECORD

Date: 11-18-91
Time: 2:00 pm

Test Operator:_Robert Mugele
Others present to participate in, or witness test:

Nona

Test Location: _Applied Research Associates, Inc. RMD office
1.  Photo-document. (Photos taken during prior test)

Power up components.

Interragation status of Remote Tx/Rx by CTR.
Activate handle.

Document respanse by the CTR.

Record response time.

Restore handie to normal.

>
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Document response by the CTR.

Test notes:

1. Batteries good.
2. Self test and interrogation verify RF link.

3. First pull - CTR -~ ZID 101 alarm check. 5.25 seconds is the time from
handle pulled to alarm at CTR. Restore handle to normal position -
CTR - ZID 101 normal.

4, Three more tests conducted. All CTR responses were the same as first
test. Times were 17.5, 4.75, 7.5, respectively.

5. The manual handle modification to the remote Tx/Rx has never failed to
operate correctly except for when the batteries get low.

6. These tests have verified that the modification works and the messages
can be communicated by RF.
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. 3.3 HEAT TEST RECORD

Date: 11-19-91
Time: 11:45 am

Test Operator:_Robert Mugele
Others present to participate in, or witness test:

Peter Dzwilewski

Test Location: _Applied Research Associates. Inc. RMD office

1.  Photo-document. ol

2.  Verify Remote and Central Tx/Rx operational. -

3.  Verify RF link. X

4. Turn on video system. X

5. Record temperature. _X_69°F

6. Apply heat source (cigarette lighter). __90:53
min:sec

7. Note temperature at alarm initiation. _X_120°F

8. Check Central Tx/Rx for correct message. X

ZID102 Alarm
Test notes:

1.  Successful test, everything operated normally, with the possible exception
of the temperature at which the heat sensor goes into alarm. Senscr is
advertised to trigger at 135°F. Our measurements have been 166°F for
the previous test, and 120°F now.

2. There is a video record of this test.

122



3.3 HEAT TEST RECORD

Date: 11-19-91
Time: 1:30 pm

Test Operator:_Robert Mugele
Others present to participate in, or witness test:

Peter Dzwilewski

Test Location: _Applied Research Associates, Inc. RMD office

1.  Photo-document. o=
2. Verify Remote and Central Tx/Rx operational. o X
Verify RF link. -
4.  Turn on video system. _X_
5. Record temperature. _X_T71°F
6. Apply heat source (portable electric heater). X 2:18
min:sec
7.  Note temperature at alarm initiation. _X_200°F
8. Check Central Tx/Rx for correct message. -
ZID102 Alarm

Test notes:

1.  Good test, heat sensor triggers and CTR notified.

2. During an informal pre-test of the portable heaters output, the plastic case
of the smoke/heat detecior began to distort while the temperature of the
thermocouple was only reading between 115° and 120°F. This heat was
applied for about 90 seconds before the case started to melt. The
detector is still fully operational.

3. A heat shield fabricated from 1/8" cardboarc and aluminum foil will be
used to protect the unit during portable heater tests. There is a cut-cut
for the heat sensor.

4. Thereis a video record of this test.
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3.3 HEAT TEST RECORD

Date: 11-19-91
Time: 2:00 pm

Test Operator:_Rgbert Mugele
Others present to participate in, or witnass test:

None

Test Location: _Applied Research Associates, Inc. RMD office

1. Photo-document. X

2. Verify Remote and Central Tx/Rx operational. X

3.  Verify RF link. X

4. Turn on video system. X

5. Record temperature. X_819F

(Both)

6. Apply heat source (portable electric heater). X _1.46

min:sec

7. Note temperature at alarm initiation. X__200°F front

209°F rear

8. Check Central Tx/Rx for correct message. X

ZID102 Alarm
Test notes:

1. For this test, 2 thermocouples were used to measure temperature at the
heat sensor - one attached to the face of the sensor and the other behind
the face.

2. AFS works properly, but heat sensor triggering high.

3. There is a video record of this test.

4. One more heat test should be done where position of heater is set so that

temperature reads 135°F and wait until alarm.
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3.3 HEAT TEST RECORD

Date: 11-26-91
Time: 12:00 pm

Test Operator:_Robert Mugele
Others present to participate in, or witness test:

None

Test Location: _Applied Research Associates, Inc. RMD office

1.  Photo-document. - None Taken

2. Verify Remote and Central Tx/Rx cperational. X

3.  Verify RF link. X

4. Tumn on video system. X

5. Record temperature. 70°F

6. Apply heat source. X

7. Note temperature at alarm initiation. X_165°F

8. Check Central Tx/Rx for correct message. X

Test notes:

1. The temperature at the heat sensor was held at a minimum of 135°F for
5 minutes without triggering the alarm. More heat was slowly applied and
the alarm message was finally sent when the temperature reached 165°F.
One minute elapsed while temperature increased from 135°F to 165°F.
Strobe base plate deforms slightly /not protected like smoke/heat
detector).

2. Video record exists.
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3.4 LIVE SMOKE TEST RECORD (DRY RUN)

Date: _11-06-91
Time: __2:00 pm
Test Operator: __Robert Mugele
Others present to participate in, or witness test:

Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: _2

Fire/Smoke Source: __30-second smoke generator
AFS height above floor: __3 feet

1. Photo-document configuration. X
2.  Verify all batteries charged and equipment operational. X
3.  Verify all AC equipment operational. X
4.  Verify RF link. X
5.  Verify IR (N/A) and video cameras ready. X
6. Verify SGBA (N/A) and fire extinguishers ready. X
7.  Begin IR (N/A) and video cameras. X
8. Document initial instrumentation data parameters. X
9. Ignite fuel source. X
10.  Trigger data recorders. X
11.  Wait for alarm. .o
12.  Shut off recorders. X
13.  Extinguish fire/evacuate smoke. X
14,  Reset equipment and reconfigure. X

Test notes:

1. This test was also run in an effort to debug all test system components.

2. The AFS system operated correctly. Time duration was measured at
1:29 (min:sec) from smoke output to alarm at CTR.

Smoke obscuration at the AFS unit was measured to be 3.7% per foot at
the time of alarm. Hand-recorded data: V;=0.212, Vy=0.175.

3. Recorders need to run even longer. Use 10 times initial setting for
remaining tests.

4. Video recorded.
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3.4 LIVE SMOKE TEST RECORD

Date: _11-12-91
Time: _10:10am
Test Operator: __Robert Mugele
< Others present to participate in, or witness test:
—Bob Guice
Tust Location: __Applied Research Associates, Inc. - Test Site
. Live Test Number: _3
Fire/Smoke Source: __30-second smoke generator
AFS height above floor: _ 3 feet

Photo-document configuration.

Verify ail batteries charged and equipment operational.
Verify all AC equipment operational.

Verify RF link.

Verify IR (N/A) and video careras ready.

Verify SGBA (N/A) and fire extinguishers ready.

Begin IR (N/A) and video cameras.

Document initial instrumentation data parameters.

®© 0O N OO A 0PN

Ignite fuel source.

e
[

Trigger data recorders.

Wait for alarm.

Shut off recorders.

Extinguish fire/fevacuate smoke.

I U §
N =
. .
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w

14. Reset equipment and reconfigure.
Test notes:

1. Ambient temperature 61°F, clear, calm.
Test duration was 119 seconds (AFS @ 3 ft. A.F.L).

3. Smoke obscuration near the AFS unit was measured at 4.6% per foot at
the time of alarm. Hand-recorded data: V;=0.396, V;=0.312.

* 4,  Correct alarm message was received at the CTR.
5. Recorder for obscuration at the source did not gather data.
] 6. Video taped.
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3.4 LIVE SMOKE TEST RECORD

Date: _ 11-12-91
Time: _11:00am__
Test Operator: _Robert Mugele
Others present to participate in, or witness test:
_Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: _4
Fire/Smoke Source: __30-second smoke generator
AFS height above floor: _ 3 feet

Photo-document configuration.

Verify all batteries charged and equipment operational.
Verify all AC equipment operational.

Verify RF link.

Verify IR (N/A) and video cameras ready.

Verify SGBA (N/A) and fire extinguishers ready.

Begin IR (N/A) and video cameras.

fi.  Document initial instrumentation data parameters.

N o o » DN~

| 9. lIgnite fuel source.

| 10.  Trigger data recorders.

| 11,  Wait for alarm.

| 12.  Shut off recorders.

| 13.  Extinguish fire/evacuate smoke.

‘ 14, Reset equipment and reconfigure.
|

Test notes:

1. Ambient temperature 66°F, clear, calm.
Test duration was 124 seconds (AFS @ 3 ft. A.F.L.).

Smoke obscuration was measured at 6.5% per foot near the AFS remote
unit at the time of alarm. Hand-recorded data: V;=0.436, V;=0.312.

4, Good test, correct message at CTR.
5. Video recorded.

L P
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3.4 LIVE SMOKE TEST RECORD

Date: __11-12-91
Time: _11:30 am __
Test Operator: __Robert Mugele
Others present to participate in, or witness test:

_Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: _5
Fire/Smoke Source: __30-second smoke generator
AFS height above floor: _6feet

1. Photo-document configuration. o).
2.  Verify all batteries charged and equipment operational. = -
3.  Verify all AC equipment operational. X
4.  Verify RF link. _X_
5.  Verify IR (N/A) and video cameras ready. X
6. Verify SGBA (N/A) and fire extinguishers ready. &
7. Begin IR (N/A) and video cameras. X
8. Document initial instrumentation data parameters. - N
9. Ignite fuel source. B DG
10.  Trigger data recorders. =,
11.  Wait for alarm. b
12.  Shut off recorders. _X_
13.  Extinguish fire/evacuate smoke. X
14. Reset equipment and reconfigure. X

Test notes:

1. Ambient temperature 65°F, clear, caim.
2. Test duration was 121 seconds (AFS @ 6 ft. AF.L).

3. This was the first test at 6 feet. For the smoke ‘ests, at least two tests
were run at each level for comparison of data.

4. Smoke obscuration near the AFS unit was measured at 8.7% at the time
of alarm. Manual data: v;=0.404, V;=0.256.

5. @Gnod data on all channels.
6. Good test, correct message at CTR.

7. Video taped.
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3.4 LIVE SMOKE TEST RECORD

Date: _11-12-91
Time: _12:20 pm
Test Operator: __Robert Mugele
Others present to participate in, or witness test:

Bab Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Numbet: _6

Fire/Smoke Source: __30-second smoke generator
AFS height above floor: _ 6 feet

1.  Photo-document configuration. _X_
2.  Verify all batteries charged and equipment operational. X
3. Verify all AC equipment operational. _X_
4, Verify RF link. X
5.  Verily IR (N/A) and video cameras ready. X
6. Verify SGBA (N/A) and fire extinguishers ready. _X_
7. Begin IR (N/A) and video cameras. _X_
8. Document initial instrumentation data parameters. X
9. Ignite fuel source. _X_
10.  Trigger data recorders. X
11.  Waitior alarm. X
12.  Shut off recorders. D X
13. Extinguish fire/evacuate smoke. o &
X

14. Reset equipment and reconfigure.

Test notes:

1. Ambient temperature 68°F, clear, calm.
2. Test duration was 170 seconds (AFS 6 ft. A.F.L).

3. Smoke obscuration was measured to be 7.9% per foot at the time of
alarm. Manual data: V;=0.392, V4=0.260.

4. The smoke detector on the AFS unit took 50 seconds longer to go into
alarm than the previous test at the same height. Observing a video
record of this test seems to show the smoke detector somewhat slow to
respond. When the unit goes into alarm, the strobe cannot be seen

through the smoke.
5. Good test. Alarm message was received at the CTR.

6. Video taped.
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3.4 LIVE SMOKE TEST RECORD

Date: 11-12-91
Time: _12:50 pm

Test Operator: __Robert Mugele
Others present to participate in, or witness test:

_Bob Guice
Test Location: __Applied Research Associat s, Inc. - Test Site
Live Test Number: _7
Fire/Smoke Source: __30-second smoke generator
AFS height above floor: __0 feet (at floor level)

Photo-document configuration.

Verify all batteries charged and equipment operational.
Verify all AC equipment operational.

Verify RF link.

Verify R (N/A) and video cameras ready.

Verify SGBA (N/A) and fire extinguishers ready.
Begin IR (N/A) and video cameras.

Document initial instrumentation data parameters.
Ignite fuel source.

Trigger data recorders.

Wait for alarm.

Shut oft recorders.

Extinguish fire/evacuate smaoke.

14. Reset equipment and reconfigure.
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Test notes:

Ambient temperature 67°F, clear.
This is the first test at floor level.
Test duration was 177 seconds.

Smoke obscuration at the AFS unit was measured to be 0.7% per foot at
the time of alarm. Manual data: V;=0.614, V;=0.590.

Successful test, correct message received at CTR.
Video taped.

Lo
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3.4 LIVE SMOKE TEST RECORD

Date:  11-12-91

Time: _13:20 pm
Test Operator: __Robert Mugele
Others present to participate in, or witness test: .

_Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: _8
Fire/Smoke Source: __30-second smoke generator g
AFS height above floor: _ 0 feet (at floor level)

1.  Photo-document configuration. .
2. Verify all batteries charged and equipment operational. X
3.  Verify all AC equipment operational. .
4,  Verify RF link. ol
5.  Verify IR (N/A) and video cameras ready. X
6. Verify SGBA (N/A) and fire extinguishers ready. _Xe
7.  Begin IR (N/A) and video cameras. X
8. Document initial instrumentation data parameters. X
9. Ignite fuel source. ol
10.  Trigger data recorders. X
11.  Wait for alarm. X
12.  Shut off recorders. X
13.  Extinguish fire/evacuate smoke. X
X

14. Reset equipment and reconfigure.

Test notes:

1. Tne timing system triggered approximately 10 seconds too late. Some
early time digital data was lost but will not affect the test or its results.

2. Ambient temperature 67°F, clear.

3. Test duration was 223 seconds (AFS @ 0 ft. A.F.L.).

4. Smoke obscuration was measured to be 0.8% per foct near the AFS unit
at the time of alarm. Manual data: V;=0.624, V§=0.600.

5. Good test, correct alarm message at CTR.

6. Post test, it was observed that the AFS remote unit was leaking smoke.
Inside it was apparent that the smoke was caused by melted/burned i
battery wiring. It is suspected that the audible horn and strobe draw too
much current for prolonged operation. They were both on for
approximately 187 seconds during Test 8. The wiring ihat burned was
UL1007 22 gauge, standard jacket.
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3.4 LIVE SMOKE TEST RECORD

Date:
Time:

11-21-91
10:00 am

Test Operator: __Robert Mugele
Others present to participate in, or witness test:

—Bab Guice

Test Location: __Applied Research Associates, Inc. - Test Site

Live Test Number: _9

Fire/Smoke Source: _ 30-second smoke generator

AFS height above floor: __9.5 feet (ceiling height)

1.  Photo-document configuration. _X_
2. Verify all batteries charged and equipment operational. X

3.  Verify all AC equipment operational. _X_

4,  Verify RF link. _X_

5.  Verify IR (N/A) and video cameras ready. _X_

6. Verify SGBA (N/A) and fire extinguishers ready. _X_

7. Begin IR (N/A) and video cameras. X

8. Document initial instrumentation data parameters. _X_

9. Ignite fuel source. X

10.  Trigger data recorders. _X_
11,  Wait for alarm. X
12.  Shut off recorders. _X_
13.  Extinguish fire/evacuate smoke. _X .
14.  Reset equipment and reconfigure. X
Test notes:

1. The damaged battery wiring from Test 8 has been replaced. Wire gauge
size and insulation jacket temperature have both been increased. The
new wiring is 16 gauge Type E 200°C MIL-W-168780.

2.  Ambient temperature was 44°F, clear.

3. This is the first smoke test at ceiling height.

4. Initial trouble getting the Remote Tx/Rx to respond to interrogation
(batteries fully charged). Eventually the unit operated properly.

5. Test duration was 39 seconds.

6. Problems with a digital recorder results in no recorded data for the smoke
obscuration detector near the AFS unit. However, hand-recorded values
indicate smoke obscuration levels of 42% per foot near the AFS at the
time of alarm. V;=0.532, V§=0.035.

7. Correct alarm message at CTR.

8. Video recorded.
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3.4 LIVE SMOKE TEST RECORD

Date: _11-21-91
Time: _10:45am __
Test Operator: __Robert Mugele _
Others present to participate in, or witness test:
_Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: _ 10

Fire/Smoke Source: __30-second smoke generator
AFS height above floor: _ 9.5 feet

1.  Photo-document configuration. X
2.  Verify all batteries charged and equipment operational. _X_
3.  Verify all AC equipment operational. - (S
4,  Verify RF link. DO
5.  Verify IR (N/A) and video cameras ready. e
6. Verify SGBA (N/A) and fire extinguishers ready. X
7. Begin IR (N/A) and video cameras. X
8. Document initial instrumentation data parameters. X
9. Ignite fuel source. X
10.  Trigger data recorders. X
11.  Wait for alarm. v e
12,  Shut ofr recorders. X
13.  Extinguish fire/evacuate smoke. X
14. Reset equipment and reconfigure. _X_

Test notes:

1. Ambient temperature was 45°F, clear.
2. Test duration was 35 seconds (Test 2 at 9.5 ft. above floor level).

3. Again having difficulties with recorder on SD channel (smoke obscuration
near detector). Hand-recorded values indicate 22.5% obscuration per
foot at time of alarm. V;=0.512, V;=0.143.

4.  Correct message was received at CTR.
5. Video recorded.
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3.4 LIVE SMOKE TEST RECORD
Date: _11-21-01

Time: _11:15am
Test Operator: __ Robert Mugele
Others present to participate in, or witness test:

_Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: __11
Fire/Smoke Source: __30-second smoke generator
AFS height above floor: _9.5 feet

Photo-document configuration.

Verify all batteries charged and equipment operational.
Verify all AC equipment operational. '
Verify RF link.

Verify IR (N/A) and video cameras ready.

Verify SGBA (N/A) and fire extinguishers ready.
Begin IR (N/A) and video cameras. '
Document initial instrumentation data parameters.
Ignite fuel source.

Trigger data recorders.

Wait for alarm.

Shut off recorders.

Extinguish fire/evacuate smoke.

14.  Reset equipment and reconfigure.

© ©® N DN

PSR
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e 8
w
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Test notes:

1. Ambient temperature was 45°F, clear.
2. Test duration was 53 seconds (Test 3 at 9.5 ft. above floor level).

3. Smoke obscuration was recorded and calculated to be 39% per foot near
the AFS unit at the time of alarm. Hand-recorded values: V;=0.520,
V§=0.043.

4. Correct alarm message was received at CTR.
5. Video taped.
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3.4 LIVE

Date:

FIRE TEST RECORD
11-21-91

Time: _13:00 pm
Test Operator: __Robert Mugele
Others present to participate in, or witness test:

Bob Guice

Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: __12 (Fire Test #1)

Fire/Smoke Source: _ Kerosene/Qil/Fabric Padding

AFS height above floor: _9.5 feet

© 0O NOOOREON

PO U e S Y
© P =D

14.

Photo-document configuration.

Verify all batteries charged and equipment operational.
Verify all AC equipment operational.

Verify RF link.

Verify IR and video cameras ready.

Verify SGBA (N/A) and fire extinguistiers ready.
Begin IR and video cameras.

Document initial instrumentation data parameters.
Ignite fuel source.

Trigger data recorders.

Wait for alarm.

Shut off recorders.

Extinguish fire/evacuate smoke.

Reset equipment and reconfigure.

Test notes:

1.

The AFS system will now be subjected to a live fire consisting of
kerosene, oil, and fabric padding. This will produce a sufficient amount of
fiame and smoke to be detected by the sensors on the AFS unit.

Six channels of data will be recorded on these live fire events: time
duration, 2 smoke obscuration measurements, and 3 temperature
measurements. For temperature data, one thermocouple will be placed
near the fire, one near the AFS unit, and one centered in between.

Test duration was 13 seconds (AFS @ 9.5 ft. A.F.L.).

The graphical data from the smoke obscuration detector near the fire
source is of no value. Apparently, the photo cell over-ranges when
subjected to a flaming fire at close range.

Smoke obscuration near the AFS unit was measured at 2.6% per foot at
the time of alarm.
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10.

11.

12,
13.

14,

Temperatures near the source were 149°F at the time of alarm, with a
brief maximum of 441°F about midway through the test.

No data was captured on the middle temperature gage due to some
technical difficulties.

Temperature near the AFS unit was 82°F at the time of alarm.
Ambient conditions prior to the test were 42°F, clear.

Overall, the test was successful. The AFS system seemed to respond
much quicker to a real fire situation versus the smoke generators or the
heat-only testing. The correct message was received at the CTR.

It is believed that the smoke alarm triggered the alarm judging by the
temperature at the AFS.

Video taped.

IR photography was attempted with the camera looking in *1e direction of
the AFS unit.

Hand-recorded data: SD12, V;=0.499, V;=0.438.
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3.4 LIVE FIRE TEST RECORD

Date: 11-21-91

Time: __13:55 pm
Test Operator: __Robert Mugele
Others present to participate in, or witness test:

Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: _ 13 (Fire Test #2)

Fire/Smoke Source: _ Kerosene/Qil/Fabric Padding
AFS height above floor: _6 feet

1.  Photo-document configuration. None_
Identical to Test #12 (Live Fire #1)
except for new location (height) of AFS unit.

2.  Verify all batteries charged and equipment operational. _X_
3.  Verify all AC equipment operational. X

4,  Verify RF link. X

5. Verify IR and video cameras ready. _X_

6. Verify SGBA (N/A) and fire extinguishers ready. X
7. Begin IR and video cameras. _X_

8. Document initial instrumentation data parameters. X

9. Ignite fuel source. X
10.  Trigger data recorders. X
11.  Wait for alarm. o, 0
12.  Shut off recorders. X
13.  Extinguish fire/evacuate smoke. X
14. Reset equipment and reconfigure. X
Test notes:

1.  Ambient conditions were 42°F, clear.

2.  AFS unit 6 feet above floor level.

3. Test duration was 23 seconds.

4, Smoke otscuration near source: no data -~ photo cell overranges.

Smoke obscuration near AFS unit: hand-recorded to be 1.5% per foot at
the time of alarm, V;=0.556, V;=0.516. The graphical data indicates 2.9%
per foot.

5. Temperature near the source reached 98°F.
6. Temperature near the AFS unit reached 78°F.
7. Good test, correct message at CTR.
8. Video recorder panned over to fire.
9. IR photography attempted.

138



3.4 LIVE FIRE TEST RECORD

Date: __11-21-91

Time: _14:22 pm
Test Operator: __Robert Mugele

. Others present to participate in, or witness test:
_Bob Guice
Test Location: __Applied Research Associates, Inc. - Test Site
. Live Test Number: __14 (Fire Test #3)

Fire/Smoke Source: _ Kerosene/Qil/Fabric Padding
AFS height above floor: _ 3 feet

1.  Photo-document configuration. None
Identical to Test #12 (Live Fire #1)

except for new location (height) of AFS unit.
Verify all batteries charged and equipment operational.
Verify all AC equipment operational.
Verify RF link.
Verify IR and video cameras ready.
Verify SGBA (N/A) and fire extinguishers ready.
Begin IR and video cameras.
Document initial instrumentation data parameters.
9. Ignite fuel source.
10.  Trigger rlata recorders.
11.  Wait for alarm.
12.  Shut off recorders.
13.  Extinguish fire/evacuate smoke.
14. Reset equipment and reconfigure.

O NDMmA LD

Test notes:

Ambient conditions 42°F, clear skies.

AFS unit 3 feet above floor level.

Test duration was 72 seconds.

No data on channels SS and TM (smoke near soui>¢ and temperature
middle).

Smoke obscuration was measured at between 3.0 and 3.8% per toot
: (notes vs. graphical) at the time of alarm. Hand-recorded values:
V;=0.528, V§=0.453.

Temperature of the environment near the fire was 172°F.

Temperature of the environment near the AFS unit reached 63°F.

The correct message was received at the CTR.

Video taped.

IR photography attempted.

>
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3.4 LIVE FIRE TEST RECORD

Date: _11-21-91

Time: _14:45pm

Test Operator: __Robert Mugele
Others present to participate in, or witness test: .

Bob Guice

Test Location: __Applied Research Associates, Inc. - Test Site
Live Test Number: __15 (Fire Test #4) .

Fire/Smoke Source: __Kerosene/Qil/Fabric Padding
AFS height above floor: __Q feet

1.  Photo-document configuration. None_
Identical to Test #12 (Live Fire #1)
except for new location (height) of AFS unit.

Verify all batteries charged and equipment operational.
Verify all AC equipment operational.

Verify RF link.

Verify IR and video cameras ready.

Verify 8GBA (N/A) and fire extinguishers ready.
Begin IR and video cameras.

Document initial instrumentation data parameters.
9. Ignite fuel source.

10.  Trigger data recorders.

11.  Wait for alarm.

12.  Shut off recorders.

13.  Extinguish fire/evacuate smoke.

14, Reset equipment and reconfigure.

@ N O LN

|

Test notes:

Ambient conditions were 42°F, clear.

AFS unit sitting at floor level.

Test duration was 137 seconds.

No data on channels SS and TM.

Smoke obscuration at the AFS unit was measured at 6.5% per foot and
6.1% per foot at the time of alarm (notes vs. graphical). Notes: V;=0.664,
V;=0.475.

The temperature near the fire reached 193°F.

The temperature near the AFS unit reached 57°F.

The correct message was received at the CTR.

Video taped.

IR photography attempted.

A

oW N
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APPENDIX B
ANNEX C

This annex is a collection of all of the digitally recorded data gathered during the
Task 2 test series. The types of plots include test duration, shown as trigger voltage
versus time, smoke obscuration versus time, and temperature increase versus time.
Graphical data is incomplete for the first two tests due to adjustment of recording
software.
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AIRCRAFT FIRE SENTRY

(TEST 1 — SMOKE 1 , AFS @ 3 a.f.l.)
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AIRCRAFT FIRE SENTRY

(TEST 2 — SMOKE 2 , AFS @ 3 a.f.l.)
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AIRCRAFT FIRE SENTRY

(TEST 3 — SMOKE 3, AFS @ 3' a.f.l.)
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AIRCRAFT FIRE SENTRY

(TEST 4 — SMOKE 4 , AFS @ 3' a.f.l.)

45_‘llllllllllllllllllllIllll1llllll'lllllllllll'lllll

—

lllllllll|T1Tlllljﬁ]llll]llll[lllllllil'llj ]Trll

SMOKE DATA

180 200 220 240

20 40 60 80 100 120 140 160
TIME (S)

lllll'lllllllfli'llll'|||lllllll

0

LI

LILBE IR lll‘]l"llllllll

-4
-4
-4

40
35-5
30-
25
20
15

(W /%)
304N0S YVIN NOILYYNISEO INONS

1563

TTTT]
o e} o W
- |



(S) aInlL
OvZ 022 00Z 08l 09L Ovl 0ZL 00l 08 09 (8) 4 0¢

—-—--—-.——-—.b_--_--__-—.—_-—-—.—I—.—»———-—-.—-—._

0

NOILVYNa 1S31L ——-

T iy s . e W . e . e
e ——

———————————————— — A — —— ———— ——

-———-—-.-_-—-_-.__—_-_tn-——-_b_——-_—_—-_—____h—____h

(I'yo .9 @ S4v * G IMONS — S 1S31)

AdINGS FHI4 14VHONIV

JOVLII0A ¥3991dL

154



. (S) Il
O¥Z 0ZZ 00Z 081 09L O¥lL 02! 001 08 09 Ov 0¢ 0

-nm--—--—--—-——----—n—m_--—-nm——-—-»—-»—m

.

1

"T 1 L

- V1vad IMONS ——

.-m--_--—--—-_-—-h-—-__—!——-—_—-__-_u-.—b-—_--—

(140 .9 ® S4v ' S IDIONS — G 1531)

AIINAS Jd14 14VHOHIV

(M / %)

LINA S3V gV3IN NOILYYNOSEO0 IHONS

185



llllllllill]lTlllllllIllllllllll'-[IIII'II!II!I'I I

I LI l‘l LI ‘1! T
SMOKE DATA
L] | LB l LI I LI ‘ Tri
180 200 220 240

] | T1
120 140 160

TIME (S)

100

AIRCRAFT FIRE SENTRY
(TESTS—SMOKES,AFS@S' a.f.l.)
EmarEsasCErGrass AEANRERE LN LELE LRSS
R R R R R
60 80

40

20

‘l|l||||lll|l

Id

C LB LU
IlIIIIl]IIIII]llII—IIlilllll—IITlIIIIIII] ‘

T o e} o mn o n o n o 'e}
ey < M M N o~ — -

0

v/ %)
39H¥N0S Yv3AN NOLLYYNOSE0 3MONS

156




(S) 3InIL
Ov¥Z 0¢¢ 00Z 08l 09L oOo¥L 0zZL 00! 08 09 oy (0Y4 0]

—-—-—.-—-.——-»-—.uu_———-__-—-_—____._-——__-__-_w-l._.»—

NOILvdNg 1S3l ——-

_.-_—_.—-__——____l_.—____._._——___.__—_—_.—_________—_—._

(40 .9 ® S4v * 9 INOWS — 9 1S31)

AdLINGS FYId 1IVHOHIV

JOVLI0A ¥3990idL

157




(S) I
OvZ 0ZZ 00Z 08L 091 O¥lL 0ZL 00l 08 09 (0] 4 0¢ 0

.——b_—»_-——_-.-_—-__.-_n___»mn——__-_.-—.__n_.nn_--———._

VIVAd IMONS

-n——-u-__#___.—m-__--—L—-__n——-__._n-__-_wh—__—___

I
@

Y/ %)
LINN SV 8V3IAN NOILYYNISE0 3IMONS

T

I
o
=

I
N
o

I
<
-

I
w
-

81

(I'yo .9 @ S4v * 9 IMONS — 9 1S31)

AJINIS 3Fd1d 14VHOulV

0c¢

158




AIRCRAFT FIRE SENTRY
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AIRCRAFT FIRE SENTRY

(TEST 7 — SMOKE 7 , AFS @ O' a.f.l.)
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- AIRCRAFT FIRE SENTRY

(TEST 8 — SMOKE 8 , AFS @ 0' a.f.l.)
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APPENDIX B
ANNEX D

Photodocumentation of Aircrait Fire Sentry hardware and selected test event
equipment setups.
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Internal Components of BT2-3
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Tiwermocoupie Installation and Heat Shield
Used During Heat Tests
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Instrumentation Van with Recording Equipment

Portable 386 PC Computer and AFS Central Tx/Rx (D-5C0C Plus)
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AFS Remote Unit Prior o AFS Remote Unit Prior to
Test at Floor Level Test at 6 Feet




Smoke/Fire Source Bucket Location AFS Rernote Unit Prior to
(All Tests) Test at 9.5 Feet
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APPENDIX C

PROTOTYPE DEVELOPMENT, CONSTRUCTION,
TESTING, AND EVALUATION
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